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AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  West  39tt  Street  New  York,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr. 


(Name  In  Full) 


Occupation. 


Address. 


is  liereby  proposed  by  the  undersigned,  as  a. 


of  the  American  Institute  of  Mining  Engineers. 


SlgnatiireB  of  three 

Members  or 

AssocUtei. 


Tlace  of  birth. 


Year  of  birth. 


Edzocaiion,  general  and  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 


£>ates 


Record  of  experience.  Briefly,  the  past  and  present  employnverU, 
with  names  of  employers,  companies  and  associates.  (Proper  names, 
names  of  companies,  etc.,  should  be  written  without  abbreviations,) 


Dates 

/ 

■ 

- 

• 

Present  position. 


JSignature. 


Dated. 
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EXTRACTS  PROM  THE  CONSTITUTION. 

ARTICLE  II.— Members. 

8bc.  1.  The  membership  of  the  Iiutltute  shall  comprise  four  classes,  namely:  1.  Members;  2.  Hon* 
orary  Members ;  8.  Associates ;  4.  Junior  Members.  *  *  * 

Sbc.  2.  The  following  classes  of  persons  shall  be  eligible  for  membership  in  the  Institute,  namely :  » 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  peraom 
actively  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  aa  AsMOlates,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Directoit 
are  suitable. 

Am  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  have  not  taken  their 
degieea  and  who  are  nominated  by  at  least  two  of  their  instructors.  *  *  * 

Every  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  propoaed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membership,  as  pre- 
scribed in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors. 


Bequest  of 
smuei  Darwin  Leavfllt* 
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ADVISORY  BOARD  FOR  UNITED  STATES  NAVY 

The  members  of  the  Institute  have  probably  seen  in  the  daily  papers 
notices  of  the  plans  of  the  Secretary  of  the  Navy  to  form  an  Advisory 
Board  to  assist  the  Government  to  make  available  the  latest  inventive 
genius  of  the  country.  Secretary  Daniels  has  appointed  Mr.  Thomas  A, 
Edison  Chairman  of  this  Advisory  Board  and  has  officially  invited  the 
Institute  to  secure  the  selection  of  two  of  its  members  to  serve  on  this 
Board.    The  Secretary  in  his  letter  states: 

"I  feci  that  the  work  your  Institute  has  done  has  been  such  as  to  ^ive  it  the 
right  to  be  in  a  way  officially  represented,  and  the  Navy  Department  desires  in  this 
way  to  testify  to  its  own  appreciation  of  the  splendid  work  for  our  country  that  your 
Institute  has  done.  I  have  the  emphatic  approval  of  Mr.  Edison,  and  he  agrees 
entirely  with  me  that  your  Institute  should  be  represented  in  this  way  and  that  no 
better  method  of  getting  the  kind  of  men  we  neea  could  be  devised." 

The  invitation  of  the  Secretary  of  the  Navy  has  been  officially  ac- 
cepted and  steps  have  been  taken  to  nominate  the  two  members.  Since 
the  Constitution  provides  for  no  meeting  of  the  Board  of  Directors  until 
September,  and  as  Secretary  Daniels  urged  early  action,  the  matter  was 
discussed  at  a  special  meeting  of  the  Executive  Committee  of  the  Insti- 
tute, at  which  were  present  as  many  members  of  the  Board  of  Directors 
as  were  in  New  York  City  at  the  time.  Invitations  were  also  extended 
to  other  members  of  the  Institute  who  happened  to  be  in  the  vicinity. 
At  this  meeting  it  was  decided  to  submit  the  matter  by  a  special  letter- 
ballot  to  the  Board  of  Directors  and  in  doing  so  to  suggest  or  nominate 
five  members  of  the  Institute,  accompanying  this  nomination  with  the 
statement  that  the  Directors  might  vote  for  two  of  the  members  so  nomi- 
nated or  for  any  other  members  of  the  Institute  not  so  nominated.  It 
was  voted  at  this  meeting  that  it  was  the  sense  of  those  present  that  in 
view  of  the  fact  that  this  committee  was  an  advisory  one  the  type  of  men 

to  be  chosen  should  be  men  of  administrative  or  executive  ability,  cap- 
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able  of  passing  upon  the  value  of  inventions  and  of  obtaining  facilities 
for  securing  technical  advice  on  questions  which  might  be  presented, 
rather  than  that  the  men  so  chosen  should  be  of  distinctive  prominence 
as  inventors.  No  nominations  were  made  at  the  meeting,  but  every  one 
was  advised  to  communicate  by  letter-ballot  with  the  Secretary  of  the 
Institute,  it  being  understood  that  the  five  names  having  the  highest 
number  of  votes  should  then  be  transmitted  as  suggestions  to  the  Board 
of  Directors  for  their  letter-ballot,  membfers  of  the  Board  being  free  to 
select  their  own  candidates.  Nearly  all  of  the  24  members  of  the  Board 
of  Directors  have  voted,  and  the  Secretary,  acting  under  instructions, 
has  maintained  absolute  privacy  as  to  the  expression  of  each  Director. 
A  meeting  of  the  Executive  Committee  will  be  called  at  an  early  date, 
when  the  two  members  of  the  Institute  receiving  the  highest  number  of 
votes -will  be  announced  and  transmitted  to  the  Secretary  of  the  Navy  for 
appointment.  The  officers  of  the  Institute  do  not  feel  free  to  make  any 
announcement  of  the  names  of  the  members  selected  until  they  have 
received  the  consent  of  Secretary  Daniels  to  do  so. 


LIBRARY  SERVICE  BUREAU 

The  Library  Board  of  the  United  Engineering  Society  is  desirous  of 
bringing  closer  to  you  the  facilities  and  usefulness  of  your  splendid  Lib- 
rary. To  that  end,  they  have  inaugurated  a  Service  Bureau  whose  duty 
it  shall  be  to  maintain  such  a  staff  of  expert  searchers  and  translators  as 
to  insure  prompt  and  thoroughly  efficient  service  to  those  of  our  members 
whose  absence  from  New  York  makes  it  inconvenient  for  them  to  pesron- 
ally  consult  the  books  and  periodicals  on  our  shelves. 

The  Service  Bureau  is  also  arranging  to  keep  such  members  as  may 
desire  it,  posted  on  the  current  publications  of  any  engineering  subject 
in  which  they  may  be  specially  interested. 

The  Charter  of  the  United  Engineering  Society  does  not  permit  the 
Library  to  carry  on  any  work  of  a  commercial  character  and,  therefore, 
the  prices  charged  members  for  this  service  have  to  be  kept  down  to  a 
merely  self-supporting  basis. 

All  the  work  done  by  the  Library  Service  Bureau  is  strictly  con- 
fidential. 

The  combined  libraries  of  the  American  Institute  of  Mining  Engi- 
neers, the  American  Society  of  Mechanical  Engineers,  the  American 
Institute  of  Electrical  Engineers  and  the  United  Engineering  Society, 
which  are  now  conjointly  administered  by  a  Library  Board  of  the  last- 
named  Society,  have  on  their  shelves  over  60,000  books  on  technical  sub- 
jects, and  they  receive  currently  over  1,000  engineering  or  scientific 
periodicals.' 

For  those  members  who  are  personally  able  to  use  the  library  a  bib- 
liography on  any  desired  engineering  subject  will,  on  request,  be  pre- 
pared by  the  Bureau,  and  with  adequate  prior  notice,  the  volumes  re- 
lating thereto  will  be  set  apart  for  personal  perusal. 

We  desire  that  all  members  of  the  Institute  shall  become  better 
acquainted  with  the  splendid  library  facilities  they  own,  and  with  the  ad- 
vantages which  can  be  secured  by  those  who  avail  themselves  of  the  aid 
furnished  by  its  Service  Bureau. 
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NOMINATIONS  FOR  OFFICERS 

The  co-operation  of  the  members  of  the  Institute  is  earnestly  sought 
by  the  Conmiittee  on  Nominations,  recently  appointed  by  the  Board  of 
Directors^  in  its  work  of  formulating  a  ticket  for  officers  and  places  falling 
vacant  in  the  Board  of  Directors  in  February,  1916.  The  Committee 
must  present  the  official  ticket  of  nominations  to  the  Board  of  Directors 
at  its  October  meeting.  Members  are,  therefore,  urged  to  send  promptly 
their  nominations  for  officers  and  Directors  in  order  that  the  Conmiittee 
may  have  an  opportunity  to  give  them  full  consideration. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1916, 
are:  One  officer,  known  as  Director  and  President.  Two  officers,  known 
as  Director  and  Vice-President.     Five  officers,  known  as  Director. 

The  officers  of  the  Institute  whose  terms  expire  are  as  follows: 

President,  William  L.  Saunders  (not  eligible  for  re-election). 

Past  President,  Charles  F.  Rand. 

Vice-Presidents,  Thomas  H.  Leggett,  District  0;  Fred  W.  Denton, 
District  4. 

Directors,  John  W.  Finch,  District  7;  John  H.  Janeway,  District  0; 
Edward  P.  Mathewson,  District  5;  Joseph  W.  Richards,  District  2; 
George  D.  Barron,  District  0. 

Communications  should  be  sent  to  the  Chairman  of  the  Committee 
on  Nominations,  Crocker  Bldg.,  San  Francisco,  Cal. 

Committee  on  Nominations:  F.  W.  Bradley,  CAairman. 


Loins  S.  Gates, 
R.  G.  Gemmell, 


James  F.  Kemp, 
Frank  A.  Ross, 


Frank  M.  Smith, 
Arthur  Thacher. 


PERSONAL 

(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  registered  at  Institute  headquarters  during 
the  period  July  10  to  Aug.  10,  1916: 


Wmiam  H.  Rettie,  Yonkers,  N.  Y. 
A.  J.  Eveland,  Pachuca,  Mexico. 
Chang  Ftt  Wang,  Shanghai,  China. 
F.  H.  Fovargue,  Terlingua,  Tex. 
W.  W.  Elmer,  Tuttletown,  Cal. 


Paul  S.  King,  Wilmington,  Del. 
E.  E.  R.  Tratman,  Chicago,  111. 
Courtenay  Dekalb,  Tucson,  Ariz. 
Emil  Gathmann,  Baltimore,  Md. 


Henry  S.  Drinker,  E.  M.,  LL.  D.,  has  just  completed  10  years'  service 
as  President  of  Lehigh  University.  A  notable  gathering  of  alumni,  with 
their  wives  and  daughters,  numbering  more  than  1,000  persons,  met  in 
South  Bethlehem  on  June  6.  In  accordance  with  the  request  of  Dr. 
Drinker,  no  formal  celebration  was  held,  but,  nevertheless,  a  spontaneous 
and  enthusiastic  expression  of  appreciation  and  affection  was  voiced 
by  alumni,  students  and  faculty,  testifying  to  the  regard  felt  for  Dr. 
Drinker  and  extolling  the  progress  made  by  the  University  under  his 
guidance. 

Thomas  T.  Read,  for  several  years  Associate  Editor  of  the  Mining 
and  Scientific  Press,  has  accepted  a  position  with  the  Engels  Copper  Co., 
Engels,  Cal. 
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M.  S.  Brandt  has  severed  his  connection  with  the  Seneca  Consolidated 
Gold  Mines  Co.,  Seneca,  Cal.,  and  has  resumed  work  with  the  White 
Eagle  Mining  &  Smelting  Co.,  Sunshine,  Colo.  He  has  also  opened  an 
office  for  general  practice. 

Mile  W.  Erejci,  Metallurgist  of  the  Boston  &  Montana  Reduction 
Works  of  the  Anaconda  Copper  Mining  Co.,  has  been  made  Assistant 
Superintendent. 

Earl  S.  Bardwell,  who  was  General  Foreman  of  the  concentrator,  has 
been  appointed  Metallurgist  of  the  Boston  &  Montana  Reduction  works. 

Theodore  P.  Holt  has  been  appointed  Superintendent  of  the  Tintic 
Milling  Co.,  Silver  City,  Utah. 

Benjamin  C.  Rogers  has  accepted  a  position  in  the  Department  of 
Geology  of  the  Detroit  Copper  Co.,  Morenci,  Ariz. 

Arthur  Clark  Terrill,  who  as  field  representative  of  the  New  York 
State  Museum,  collected  and  arranged  the  large  mining  exhibit  of  the 
Empire  State  at  the  Panama-Pacific  International  Exposition,  has  been 
appointed  head  of  the  department  of  Mining  Engineering  at  the  Uni- 
versity of  Kansas,  Lawrence,  with  the  title  of  Professor  of  Mining  and 
Ore  Dressing,  beginning  Sept.  1,  1915. 

William  B.  Pliillips>  formerly  Director  of  the  Bureau  of  Economic 
Geology  and  Technology  at  the  University  of  Texas,  Austin,  will  assume 
the  Presidency  of  the  Colorado  State  School  of  Mines,  Golden,  Colo.,  on 
Sept.  1,  1915. 

S.  M.  Marshall  is  now  manager  of  the  turbine,  condenser,  and  pump 
departments  of  the  South wark  Foundry  &  Machine  Co.,  Philadelphia,  Pa. 

Irving  R.  Gard  is  now  consulting  engineer  for  the  Columbia  River  Coal 
Dock  Co.,  North  Portland,  Ore. 

Luther  B.  Eames  has  accepted  the  position  of  Mill  Superintendent  of 
the  HoUinger  Gold  Mines,  Ltd.,  Timmins,  Ont. 

Robert  Ammon  has  been  appointed  Assistant  Mill  Superintendent  for 
the  American  Zinc  Co.,  Mascot,  Tenn. 

Charles  E.  Locke  was  a  guest  of  alumni  of  the  Massachusetts  Institute 
of  Technology  at  a  recent  informal  dinner  in  Denver,  and  gave  an 
illustrated  lecture  on  the  new  home  of  that  Institute. 

Lawrence  Arthur  Callaway  was  granted  the  degree  of  Doctor  of 
Science  by  Harvard  University  at  the  fecent  commencement  exercises. 
The  subject  of  his  thesis  was  The  Constitution  of  Iron-Copper  Mattes. 

Carl  F.  Schaber  has  been  appointed  division  engineer  for  the  Tennessee 
Coal,  Iron  &  Railroad  Co.,  Bessemer,  Ala. 

Drury  McM.  Phillips  has  severed  his  connection  with  the  Consumer's 
Lignite  Co.,  Hoyt,  Tex.,  and  has  accepted  a  position  with  the  engineering 
division  of  the  refinery  department  of  the  Texas  Company  at  its  Port 
Arthur  Refinery. 
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Walter  E.  Burlingame  announces  that  the  business  of  E.  E.  Burlingamc 
&  Co.,  assayers  and  chemists,  will  be  conducted  under  his  name  at  1736-38 
Lawrence  St.,  Denver,  Colo. 

Milton  A.  Allen  has  been  appointed  Manager  of  the  Pearsite  Com- 
pany, Inc.,  Cannel  City,  Ky. 

Harry  P.  Sweeny  is  General  Manager  of  the  Canadian  Atlantic 
Coal  Co.,  Ltd.,  Port  Malcolm,  Nova  Scotia. 

John  Orth  Liebig  is  now  employed  by  the  Balbach  Smelting  &  Refining 
Co.,  Newark,  N.  J. 

C.  Edwin  Nighman  has  been  appointed  shift  boss  at  the  Leonard  mine 
of  the  Anaconda  Copper  Mining  Co.,  Butte,  Mont. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Member,  technical  graduate,  aged  36.  Experienced  copper  metallur- 
gist and  mining  geologist.  FamiUar  also,  through  15  years'  broad  prac- 
tical experience,  with  mining,  cyanidation,  concentration  (including  oil 
flotation),  metallurgical  accounting,  and  mine  and  plant  management. 
Best  references.    No.  237. 

Member,  graduate  engineer  with  10  years*  experience  in  malleable, 
gray  iron,  and  steel,  as  chemist,  metallographist,  and  metallurgist. 
Researches  and  investigations  by  laboratory  methods  and  under  works 
conditions.     No  objection  to  some  routine.     No.  243. 

Member,  technical  graduate,  broad  experience  in  coal,  oil,  and  clay. 
Will  go  anywhere  as  mining  geologist  after  Sept.  1,  1915.     No.  244. 

Member,  technical  graduate,  aged  30,  married,  with  over  10  j'ears' 
experience  as  chemist,  engineer  on  construction,  superintendent  and 
general  superintendent  of  bituminous  coal  and  coke  plants.  Speaks 
Spanish.     References.     No.  245. 

Member,  open  for  engagement  as  mine  safety  inspector  or  as  superin- 
tendent of  bituminous  coal  mine.     No.  246. 

Member,  graduate  mining  engineer,  with  five  years'  experience  in  coal 
mining  as  mining  engineer,  construction  engineer,  pit  boss,  and  superin- 
tendent, open  for  engagement.     Best  references.     No.  247. 

Member,  aged  39  years,  20  years'  underground  experience  gained  in 
Canada,  Washington,  CaUfornia,  Nevada,  Colorado,  Mexico  and  Central 
America.  Speaks  Spanish.  Assayer  and  surveyor.  Good  on  maps. 
Years  of  experience  as  foreman  and  superintendent.  Up-to-date  on 
mining  costs  and  methods.  Practical.  Wants  position  as  general  mine 
foreman  or  assistant  to  superintendent.    At  present  in  Canada.     No.  248. 

Member,  technical  graduate,  aged  32,  married,  12  years'  practical 
experience  in  mining  and  metallurgy  of  gold  and  copper,  desires  change. 
Now  with  company  operating  continuous  decantation  cyanide  process. 
Available  Sept.  1.     No.  249. 
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Research  chemist,  technical  graduate,  aged  30.  Seven  years'  varied 
experience  as  metallurgical  chemist  in  several  industrial  concerns  engaged 
in  the  manufacture  of  special  alloys,  both  ferrous  and  non-ferrous.  For 
the  past  33^  years  chief  chemist  in  charge  of  two  busy  laboratories  for 
present  employers.  Best  reasons  for  desiring  change.  Excellent  refer- 
ences from  present  and  past  employers.  Open  for  engagement  after  Oct. 
1.    Correspondence  arranging  for  personal  interview  invited.    No.  250. 

Member,  aged  49,  married,  25  years'  experience  in  hydraulic  mining: 
Spedality,  opening  up  new  properties.  Not  a  college  graduate.  At 
present  general  manager  of  mining  company.  Open  for  engagement 
after  Nov.  1,  as  manager  or  superintendent.    No.  251. 

Member,  technical  graduate,  8  years'  experience,  three  in  metal  and 
five  in  coal  mine  engineering.  Have  made  a  study  of  ventilation  and 
efficiency.  32  years  old,  single  and  temperate.  Desire  a  position  as 
mine  or  ventilation  engineer,  superintendent  or  inspector  of  mines,  will 
go  anywhere.    Can  report  immediately.    No.  252. 

Member,  technical  graduate,  wide  experience  in  western  United 
States,  Mexico,  South  America  and  the  Orient.  Organization  and  man- 
agement of  properties.  Economic  and  metallurgical  investigation. 
Estimates  design  and  construction  of  plants.    No.  253. 


ADVANTAGES  TO  MEMBERS  OF  OUR  ADVERTISING  SECTION 

It  is  our  intention  to  make  the  advertising  section  of  the  Bulletin  as 
comprehensive  as  possible,  so  that  members  can  turn  to  it  for  complete 
information  as  to  where  to  buy  the  best  mining  and  metallurgical  supplies 
at  the  lowest  prices.  No  firms  or  supplies  of  dubious  reputation  are 
advertised  in  the  Bulletin,  If  members,  in  bujring  any  material,  will  refer 
to  the  advertisement  of  that  material  in  the  Bviletin,  or  if  they  do  not  find 
it  advertised  in  the  Bulletin,  will,  when  ordering,  ask  the  manufacturers 
why  the  goods  were  not  advertised  in  the  Institute  publication,  it  will  be 
of  material  benefit  to  all  of  us,  because  the  chief  reason  why  advertisers 
are  unable  to  trace  direct  results  is  because  purchasers  do  not  mention  the 
Bulletin  when  writing.  Finally,  if  members,  when  in  need  of  anything 
whatsoever,  will  write  to  the  Institute  headquarters,  an  eflFort  will  be  made 
to  send  them  a  complete  list  of  manufacturers  able  to  supply  the  desired 
materials  of  good  quaUty.  The  furnishing  of  these  lists  will  be  a  benefit 
to  our  Advertising  Department,  as  well  as  to  the  members.  We  need 
scarcely  call  attention  to  the  advantages  obtained  by  the  members  from 
the  money  which  advertising  brings  in,  because  all  this  money  is  returned 
directly  to  the  members  in  one  form  or  another. 
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LIBRARY 

American  Institute  op  Electrical  Engineers 
American  Society  op  Mechanical  Engineers 
American  Institute  op  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  p.m.  on  all  week-days,  except  holidays,  from  September  1  to  Jime  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Library 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects;  to  determine  the  existence  of  mining  maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

'All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  ^ts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 
Partial  List  Classified  by  Subjects 

Mining,  Metallurgy,  and  Chemistry 

Atlantic  City  Gold  Mining  District,  Fremont  County.  (Bull.  7,  Wyoming 
State  Geologist.)     Cheyenne,  1914. 

Chemistry  of  Petroleum  and  its  Substitutes.  A  Practical  Handbook.  By 
C.  K.  Tinkler  and  F.  Challenger.    London,  1915. 

Chemical  Enqinebrinq  Notes  on  Grinding,  Sifting,  Separating  and  Trans- 
porting Solids.     By.  J.  W.  Hinchley.    London,  1914. 

Handbuch  der  Mineralchemie.     Bd.  11,  pt.  7.     By  C.  Doeltcr.     Dresden,  1915. 

KuPFER.     By  W.  Borchers.     Halle,  1916. 

CoKE-OvBN  Accidents  in  the  United  States  during  the  Calendar  Years  1918, 
1914.     (Technical  Paper  118,  U.  S.  Bureau  of  Mines.)     Washington,  1915. 

Practical  Coal  Mining.     Ed.  5-     By  George  L.  Kerr.    London,  1914. 

Methods  of  Preventing  and  Limiting  Explosions  in  Coal  Mines.  (Technical 
Paper  84,  U.  S.  Bureau  of  Mines.)     Washington,  1915. 
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Occurrence  of  Explosive  Gases  in  Coal  Mines.     (Bull.  72,  U.  S.  Bureau  of 

Mines.)     Washington,  1915. 
Permissible  Explosives,  tested  prior  to  March  1,  1915.     (Technical  Paper  100, 

U.  S.  Bureau  of  Mines.)     Washington,  1915. 
Wyoming.     Mining  Laws,  Federal  and  State,  1913.     (Bull.  6,  Wyoming  State 

Geologist.)     Cheyenne,  1913. 
The  Tintic  Mining  District  op  Utah,  prepared  for  the  Tintic  meeting  of  the  Utah 

Section  of  the  American  Institute  of  Mining  Engineers,  July  15,  1915,  with  map. 

(Gift  of  Chief  Consolidated  Copper  Co.) 

Geology  and  Mineral  Resources 

Clay  and  Shale  Deposits  op  the  Province  op  Quebec,  Preliminary  Report. 

(Memoir  64,  Canada  Department  of  Mines.)     Ottawa,  1915. 
Coal  Fields  op  British  Columbia.     (Memoir  69,  Caneuia  Department  of  Mines.) 

Ottawa,  1915. 
Coal  Fields  op  Manitoba,   Saskatchewan,   Alberta,   and  Eastern   British 

Columbia.     (Memoir  53,  Canada  Department  of  Mines.)     Ottawa,  1914. 
Les  Minerais  de  Fer  de  la  Province  de  Quebec,  Gisements  et  Utilisation. 

Quebec,  1915. 
Marble  and  Marble  Working.     By  W.  G.  Renwick.    London,  1909. 
Basin  and  Greybull  Oil  and  Gas  Fields,  Bighorn  County,  Wyoming.     (Bull. 

10,  Wyoming  State  Geologist.)     Cheyenne,  1915. 
Prospective  Oil  Fields  at  Upton,  Weston  County,  etc.     (Bull.*  5,  Wyoming 

State  Geologist.)     Cheyenne,  1913. 
Salt  Creek  Oil  Field,  Natrona  County.     (Bull.  8,  Wyoming  State  Geologist.) 

Cheyenne,  1914. 
Little  Buppalo  Basin  Oil  and  Gas  Field.     (Bull.  11,  Wyoming  State  Geologist.) 

Cheyenne,  1915. 
Geology  and  Ore  Deposits  op  Copper  Mountain  and  Kasaan  Peninsula, 

Alaska.     (Professional  Paper  87,  U.  S.  Geological  Survey.)     Washington,  1915. 

General 

Catalogue  op  Technical  Periodicals  in  Libraries  in  the  City  op  New  York 
AND  Vicinity.     Compiled  by  A.  J.  Gates.     New  York,  1915. 

Experiences  in  Efficiency.     By  B.  A.  Franklin.     New  York,  1915. 

Science  and  Practice  op  Management.     By  A.  H.  Church.     New  York,  1914. 

Guide  Book  op  the  Western  United  States.  Part  B — The  Overland  Route. 
(Bull.  612,  U.  S.  Geological  Survey.)     Washington,  1915. 

International  Mining  Manual,  1915.     Denver,  1915. 

Poor's  Manual  op  Public  Utilities,  1915.     New  York,  1915. 

Modern  Pumping  and  Hydraulic  Machinery.    By  Edward  Butler.    London,  1913. 

Straight  Line  Engineering  Diagrams.  By  Manifold  and  Poole.  San  Francisco, 
n.d. 

Structural  Engineering.     By  J.  E.  Kirkham.     Chicago-London,  1914. 

Structural  Engineers'  Handbook.     By  M.  S.  Ketchum.     New  York,  1915. 

Trade  Catalogues 

Bessemer  Gas  Engine  Co.,  Grove  City,  Pa.     Bessemer  Monthly.     July,  1915. 
Tropenas  Converter  Co.,  New  York,  N.  Y.     Steel  Castings.     Nos.  4,  5.    Feb., 
July,  1915. 
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MEMBERSHIP 

New  MEBfBERS 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  July  10  to  Aug.  10,  1915: 

Members 

Albertson,  Maurice  Merton,  Mine  Surveyor,   Mining  Corporation  of  Canada, 

Cobalt,  Ont.,  Canada. 

Armstrong,  George  Chandler Mgr.,  Indian  Refining  Co.,  Lawrenceville,  III. 

Barber,  Max  Hayden,  Min.  Engr Supt.,  Crosby  Mine,  Nashwauk,  Minn. 

Barneson,  John Merchant,  310  Sansome  St.,  San  Francisco,  Cal. 

Bensel,  John  A.,  Cons.  Engr Ill  Broadway,  New  York,  N.  Y. 

Boroeson,  Anshelm  Cyrus,  Min.  Engr Shenango  Mine,  Chisholm,  Minn. 

Brooks,  Charles  Peter,  Min.  Engr 228  Dooly  Bldg.,  Salt  Lake  City,  Utah. 

Brown,  Frank  Harold,  Cons.  Min.  Engr.,  Federal  Co.,  Inc.,  50  Broad  St., 

New  York,  N.  Y. 

Clark,  Douglas Kellogg,  Idaho. 

Cresson,  Benjamin  Franklin,  Jr.,  Chief  Engr.,  Dept.  of  Commerce  and 

Navigation.  Jersey  City,  N.  J 
Crosspield,  J.  T.  K.,  Min.  Engr.,  Surveyor,  Chile  Exploration  .Co., 

Chuquicamata,  Chile. 
Daly,  William  Barry,  Genl.  Supt.  of  Mines,  Anaconda  Copper  Mming  Co., 

508  Hennessy  Bldg.,  Butte,  Mont. 
Dupuis,  Oliver  Camille,  Mining.  Mandarin  Mines  Corpn.,  Yellow  Jacket,  Idaho. 
Edwards,  Charles  Lewis  Taylor,  Blast  Furnace  Assistant,  Bethlehem 

Steel  Works,  So.  Bethlehem,  Pa. 
Graff,  Wilbur  W.,  Supt.,  North  Lake  District,  Cleveland-Cliffs  Iron  Co., 

Ihpeming,  Mich. 
Guggenheim,  Daniel,  Pres.,  American  Smelting  &  Refining  Co.,  120  Broadway, 

New  York,  N.  Y. 

Hammon,  Wendell  C,  Mining 433  California  St..  San  Francisco,  Cal. 

Handley,  Harvey Lockh art Genl.  Supt.,  Yankee  Fuel  Co^  Yankee,  N.  M. 

Harley,  George  Townsend,  Experimental  work,  Arizona  Copper  Co.,  Ltd., 

Morenci,  Ariz. 

Harrington,  Daniel,  Min.  Engr U.  S.  Bureau  of  Mines,  Pittsburgh,  Pa. 

Herman,  John,  Assayer  and  Chem 514  S.  Los  Angeles,  Los  Angeles,  Cal. 

HiLBY,  George  Robert,  Engineering  and  contracting Salinas,  Cal. 

Hodge,  John  E.,  Min.  Engr.,  Vice-Pres.,  E.  J.  Longyear  Co^  Minneapolis,  Minn. 
HoDGKiNSON,  Harold  Howe,  Min.  Engr.,  New  Jersey  Zinc  (Jo., 

Franklin  Furnace,  N.  J. 

HoLBROOK,  E.  A Asst.  Prof,  of  Mining  Engineering,  Univ.  of  Illinois,  Urbana,  111. 

Koch,  Arthur  W  illiam,  Mech.  Draftsman,  Care  American  Zinc  Co.  of  Tenn., 

Mascot,  Tenn. 

KwoNG,  Wu Director,  Tung  Hsing  Colliery,  Men-tou-kou,  via  Peking,  China. 

Laroque,  Fulgence,  Min.  Engr.;  Shift  Boss,  Durban  Roodepoort  Deep  Gold 

Min.  Co.,  Ltd.,  Durban  Deep,  Roodepoort,  Transvaal.  So.  Af. 

MacIsaac,  Frederick  J.,  Contractor 18  E.  41st  St.,  New  York,  N.  Y. 

Marsh,  Austin  Gerry,  Met.,  Concentrator  Dept.,  Nevada  Consolidated 

Copper  Co.,  McGill,  Nev. 
Nelson,  Carl  Nelson,  Min.  Engr. ;  Mine  Foreman^  New  York  &  Honduras 

Rosario  Mm.  Co.,  San  Juancito,  Honduras. 
Pettis,  Edson  S.,  Met.;  Supt.,  California  Ore  Testing  Co.  Plant,  San  Francisco,  Cal. 

Reed,  Avery  H.,  Min.  Engr Cons.  Min.  Engr.,  Reed  &  Wilson,  Marion,  Ky. 

Roberts,  Hugh  M.,  Min.  Geol 710  Security  Bank  Bldg..  Minneapolis,  Minn. 

Roberts,  William  Paxton,  Mining;  Asst.  Mine  Surveyor,  Witnerbee, 

Sherman  &  Co.,  Mineville,  EE»ex  Co.,  N.  Y. 
Salmon,  Herbert    S.,  Chief  Mine    Inspector,  Ore    Mines,  Care  Tennessee 

Coal,  Iron  &  R.  R.  Co.,  Bessemer,  Ala. 
Slaughter,  Ben  Gabriel,  Chief  Engr.,  Canadian  Copper  Co.,  Copper  Cliff, 

Ont.,  Canada. 
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Stack,  Frank  Lawrence,  Min.  Engr 1547  Euclid  Ave.,  Berkeley,  Cal. 

Strachan,  Francis  J.,  Supt.,  Concentrator,  Cananea  Cons.  Copper  Co^ 

Cananea,  Son.,  Mexico, 

Tallt,  Robert  E Supt.  of  Mines,  United  Verde  Copper  Co.,  Jerome,  Ariz. 

Thompson,  Lester  S.,  Min.  Engr 1373  Washington  Ave.,  New  York,  N.  Y. 

ToBELMANN,  Henry  Adolph,  Met.;  Chem.,  New  Cornelia  Copper  Co.,  Ajo, 

Pima  Co.,  Ariz. 
Wang,  Chbno-Fu 3  Quinsan  Gardens,  Shanghai,  China. 

AssocicUe  Members 

Ackerman,  Ernest  Robinson,  Pres.,  Lawrence  Portland  Cement  Co.,  Plainfield,  N.  J. 
Albin,  Leland  Day,  Asst.  Gen.  Sales  Mgr.,  Ingersoll-Rand  Co.,  11  Broadway, 

New  York,  N.  Y. 
CoNNABLE,  Frank  L.,  Vice-Pres.,  E.  1.  du  Pont  de  Nemours  Powder  Co.^ 

Wilmington,  Del. 
GoDDARD,  Peter  Louis,  Smelter  Foreman,  Moimt  Elliott,  Ltd.,  Selwyn, 

Cloncurry^  Queensland,  'Australia. 

Leiter,  Joseph,  Coal  Operator Dupont  Circle,  Washington,  D.  C. 

Patterson  John  H Pres.,  National  Cash  Register  Co.,  Dayton,  Ohio. 

Junior  Members 

Croston,  John  J.,  Met 242  Church  St.,  Grass  Valley,  Cal. 

Dammann,  Arthur  Chester,  Min.  Engr Fairview,  Nev. 

David,  Joseph,  Student 233  College  Ave..  Houghton,  Mich. 

Emmerson,  Eric  Roy Port  Artnur,  Ont..  Canada. 

Hicks,  Frank  Vyvyan,  Engr Care  General  Delivery,  Bisoee,  Ariz. 

Kaanta,  Henry  W.,  Assay er  and  Chem.,  Cariman  Min.  &  Mill.  Co.,  Cardinal,  Colo. 

RoHRER,  Walter  Elmer,  Asst.  Engr Central  Coal  &  Coke  Co.,  Pittsburg,  Kan. 

Schuyler,  Arent  Henry 404  Riverside  Drive,  New  York,  N.  Y. 

Taylor,  William  Walter,  Engr.,  Canadian  Copper  Co.,  Copper  Cliff,  Ont.,  Canada. 
Wright,  Frederick  Sylvester,  Asst.  Chem.,  Boston  &  Montana  Smelter, 

Great  Falls,  Mont. 

Change  of  Status — Junior  Member  to  Member 
Pratt,  Allyne  Francis 727  E.  43d  St.  N.,  Portland,  Ore. 

Candidates  for  Membership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privile^  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable 
that  persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not 
(^ualined.  Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  prac- 
tice of  glancing  through  the  list  of  applicants  and  promptly  notifying  the  Committee 
on  Membership,  or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think 
should  not  be  classified  in  accordance  with  the  list  given. 

The  following  persons  have  been  proposed  during  the  period  July  10 
to  Aug.  10, 1915,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  Members  and  Associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 
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Members 

Wesley  Hudson  Beck,  Ellsworth,  Pa. 

Proposed  by  W.  A.  Luce,  W.  W.  Keefer,  Samuel  A.  Taylor. 

Bom  1867,  Rome,  N.  Y.  Prepared  self  for  college.  1886-88,  Civil  Engineering, 
Lehigh  Univ.  1888-90,  Land  Surveying,  California.  1890-91,  Transitman,  Rome, 
Watertown  and  Ogdensburg  R.  R.  1891-1903,  Transitman.  Asst.  Engr.  Mainte- 
nance of  Way,  Resident  Engr.  Construction,  New  York  Central  &  Hudson  River  R.  R. 
1903-10,  Asst.  Engr.,  Pittsbur^h^Coal  Co. 

Present  position :  Asst.  Chief  Engr.,  Ellsworth  Collieries  Co. 

James  A.  Block,  Salt  Lake  City,  Utah. 

Proposed  by  J.  M.  Callow,  Ernest  Gayford,  Walker  J.  Boudwin. 

Bom  1895,  Salt  Lake  City,  Utah.  1907-11,  Salt  Lake  Hi^h  School.  1911-14, 
University  of  Utah.  1915,  Research  work,  U.  S.  Bureau  of  Mines,  Salt  Lake  City. 
1911,  Draftsman,  General  Engrg.  Co.,  1913-15,  Transitman  and  Draftsman,  L.  C. 
Stubbins,  C.  P.  Brooks.  '  1914,  Concrete  inspector  and  engineer.  Phoenix  Construc- 
tion Co. 

Present  position:  Met.  for  J.  M.  Callow. 

William  M.  Bradley,  Salt  Lake  City,  Utah. 

Proposed  by  W.  Fitch.  J.  R.  Finlay,  H.  P.  Henderson. 

Bom  1861,  Elkhom,  Wis.  1883,  Univ.  of  Wisconsin;  LL.  B.  Owner  of  or  in- 
terested in  Centennial  Eureka  Min.  Co.;  Daly  Judge  Mm.  Co.;  Silver  King  Cons. 
Min.  Co.;  Chief  Cons.  Min.  Co.;  Bennett  Mm.  Co.;  Centennial  Emma  Min.  Co.; 
Good  Hope  Placer  Min.  Co.,  and  other  mines  in  the  U.  S.  and  Mexico. 

Present  position :  Counsel  for  mining,  smelting,  railroad  and  other  large  corporate 
interests. 

Grant  David  Bradshaw,  Johnstown,  Pa. 

Proposed  by  D.  M.  Stackhouse,  George  E.  Thackray,  M.  G.  Moore. 

Bom  1884,  Chicago,  HI.  1896-1901,  Lewis  Institute,  Chicago,  HI.  1901-04, 
Univ.  of  Mich.;  B.  S.  in  M.  E.  1904-09,  Steam  expert,  draftsman,  Secy,  to  Chief 
Engr.,  Foreman  of  Rod  MiUs,  Joliet  Works,  Illinois  Steel  Co.  1909,  Ajsst.  Supt. 
Billet  Mill,  Indiana  Steel  Co.,  Garjr,  Ind.     1910,  Consulting  Engr.,  Chicago,  111. 

Present  i>osition:  1910  to  date.  Steam  Engineer,  Cambria  Steel  Co. 

Ralph  6.  BuUdey,  Montezuma,  Colo. 

Proposed  by  Fruik  Bulkley,  Richard  A.  Parker,  S.  A.  lonides. 

Bom  1892,  Aspen,  Colo.  1909,  Grad.,  East  Denver  High  School.  1911,  Phillips 
Academy,  Andover,  Mass.  1914,  Yale  University,  Sheffield  Scientific  School;  Ph.  B. 
1914,  Miner,  Golden  Cycle  Mine.  Victor,  Colo.  1914,  Concentrating  mill,  Portland 
Cons.  Gold  Min.  Co.,  Victor,  Colo.  1915,  Min.  Engr.,  Crested  Butte  Coal  Co.  and 
Crested  Butt«  Anthracite  Mm.  Co.,  Crested  Butte,  Colo. 

Present  position:  Supt.  of  Concentrating  Mill,  Montezuma  Mines  and  Mills  Co. 

Stanley  C.  Bullock,  CoUahuasi,  Chile. 

Proposed  by  J.  H.  Ivey,  Frederick  Hellmann,  Henry  Hay. 

Bora  1881,  Aylsham,  Norfolk,  England.  1889-94,  Private  school.  1904r-08, 
Lancing  College,  Shoreham,  Sussex,  England.  1898-1902,  Pupil,  Eraser  &  Chalmers 
Works^  Erith,  erecting,  turning,  fitting,  etc.  Four  years  Engrg.  course,  Woolwich 
Techmcal  College.  1902-05,  Drawing  office;  mining,  milling,  smelting  machinery 
and  plants;  details  and  design.  Three  years,  assaying  course,  Woolwich  Technical 
College.  1905-07,  Draftsman  and  Asst.  Engr^  Bewick,  Moreing  &  Co^  London. 
Assaying  and  metallurgy  course,  Birkbeck  College.  1907-09,  Asst.  Engr.  and 
draftsman,  Bewick,  Moreing  &  Co.,  Australia.  AustraUan  Smelting  Corporation. 
Surveying  course,  Melbourne  School  of  Mines.  1909-11,  Constructional  Engr. 
Junction  North  Mine,  Broken  Hill  (N.S.W.).  Designed  and  erected  new  lead 
concentration  and  flotation  plants;  full  charge  during  Chief  Engineer's  absence. 
1911,  Reporting  on  lead-zinc  property,  Norway.  Sampled  mines  and  advised  on 
reconstruction  of  mill.  1911-12,  Asst.  Engr.,  Spassky  Smelter  Siberia;  had  charge  of 
blast  furnaces,  converters  and  refinery.  Learnt  Russian  and  Kirghese.  191^13, 
Reporting  for  various  London  firms.  1913*15,  Mine  and  Mill  Supt.,  Soci6t^  des 
Mine  de  Cuivre,  CoUahuasi,  La  Grande,  Chile. 

Present  position:  Genl.  Mgr.,  Poderosa  Min.  Co. 
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Albert  Cameron  Barrage,  Jr.,  Boston,  Mass. 
R-oposed  by  Huntington  Adams,  Fred  Hellmann,  E.  A.  C.  Smith. 
Born  1887,  Boston,  Mass.     1904r-08,  Harvard;  B.  A.     1908-10,  C.  S.  Bradley  A 
Sons,  metallurgical  work.     1910-12.  Copper  Extraction  Co.,  metallurgical  work. 
Present  position:  1912  to  date,  Director,  Chile  Copper  Co. 

J.  H.  Champion,  Leadville.  Colo. 

Proposed  by  David  G.  Miller,  W.  W.  Davis,  William  J.  Cox. 

Born  1856,  Cornwall,  England.  1874,  Attended  South  Kensington  class  of  Arts 
and  Sciences;  circumstances  alone  prevented  pursuance  of  these  studies.  1876, 
Contracted  with  Brendon  Hills  mine,  Somersetshire,  to  produce  iron  ore.  1877-81, 
Contract  work  for  Terrible  Min.  Co.,  Georgetown,  Colo.  1881-86,  Foreman,  Small 
Hopes  Co.,  Leadville,  Colo.  1886-1890,  Operating  lease  on  Morning  Star  mine, 
Leadville,  Colo.  1890-95,  General  contract  work — sinking  shafts  and  driving  tunnel8, 
Leadville,  Colo.  1895-96,  Foreman.  Forest  Queen  mine,  Leadville,  Colo.  1896-1901, 
Foreman,  The  Yak  Min.,  Mill.  &  Tunnel  Co.,  Leadville,  Colo. 

Present  position:  1901  to  date,  Supt.,  Yak  Min.,  Mill.  &  Tunnel  Co. 

William  Andrews  Clark,  Jr.,  Butte,  Mont. 
Proposed  by  W.  A.  Clark,  Horace  V.  Winchell,  Fred  T.  Greene. 
Born  1877,  Deer  Lodge,  Mont.     1899,  University  of  Virginia;  B.  L. 
Present  position:  Pres.,  Elm  Orlu  Min.  Co.,  and  Timber  Butte  Mill.  Co, 

Grant  H.  Dowell,  Douglas,  Ariz. 

Proposed  by  C.  Legrand,  P.  P.  Butler,  G.  D.  Van  Arsdale. 

Born  1866,  Lexington,  111.  Up  to  1884,  common  and  high  school.  Kansas.  1892^ 
Course^  Kansas  City  Business  Univ.  1897-1904,  Chief  Clerk  ana  Asst.  to  Mgr., 
Cons.  Kansas  City  Smelt.  &  Refg.  Co.,  El  Paso,  Tex.  1904-10,  Met.  Accountant  and 
ore  buyer.  Copper  Queen  Cons.  Min.  Co.,  Douglas,  Ariz.  1910-12,  Supt.,  Old 
Dominion  Copper  Min.  &  Smelt.  Co.,  Globe,  Ariz. 

Present  position:  1912  to  date,  Asst.  Genl.  Mgr.,  Copper  Queen  Cons.  Min.  Co. 

Ensor  R.  Dunsford,  Quarry,  N.  S.,  Canada. 

Proposed  by  H.  J.  Brown,  Laurance  1.  Neale,  F.  C.  Fearing. 

Born  1887,  Lindsay,  Ont.,  Canada.  Grammar  and  high  schools,  Columbus,  0. 
1911.  Ohio  State  Univ.;  E.  M.  1911,  Asst.  Engr.,  Smithers  Creek  Dist.,  Sunday 
Creek  Coal  Co^,  Longacre,  W.  Va.  1912,  Min.  Engr.,  Darby  Coal  Min.  Co.,  Darby- 
ville,  Va.  1912-15,  Salesman  and  demonstrator,  Myers-Whalev  Co.,  Knoxvillc, 
Tenn. 

Present  position:  Asst.  Supt.,  Victoria  Gypsum  Min.  &  Mfg.  Co.,  Ltd. 

G.  Marshall  Gillette,  Jenkins,  Ky. 

Proposed  by  Newell  G.  Alford,  Howard  N.  Eavenson,  Edward  O'Toole. 

Born  1879,  Cumberland,  Md.  Prior  to  1897,  common  school,  Philadelphia,  Pa., 
and  Cumberland,  Md.  1897-99.  Princeton  Univ.;  B.  S.  1903-13,  Supt.,  Penn. 
Div.;  1913^  Asst.  Genl.  Supt.,  Elk  Horn  Div.;  1913-14,  Mgr.,  Millers  Cfreek  Div., 
Consolidation  Coal  Co.,  Van  Lear,  Ky. 

Present  position:  Mgr.,  Elk  Horn  Div.,  Consolidation  Coal  Co. 

Dorsey  Hager,  Tulsa,  Okla. 

Proposed  by  H.  A.  Wheeler,  P.  N.  Moore,  Arthur  Thacher. 

Born  1887,  St.  Paul,  Minn.  1902-05,  St.  Louis  Manual  Training  School.  1905- 
06  and  1907-09,  Washington  Univ.,  St.  Louis,  Mo.  1909-10,  Columbia  Univ.,  New 
York;  specialized  in  Geology.  Studied  science  and  engineering  at  Washington 
Univ.  1906-07,  Engrg.  dept.,  St.  Louis  Street  Railways.  1907,  Katherine  mine 
(lead),  Fredericktown,  Mo.  1909,  Coal  prospecting,  Hamilton,  la.  1910-12, 
Southern  Pacific  oil  dept.  (K.  T.  &  O.  Co.),  San  Joaquin  Valley  oil  fields,  Cal.  Two 
and  one  half  years,  engrg.  and  geol.  work,  Cal.  oil  fields.  Eight  months,  geol.  work, 
Okla.  oil  fieldis.     Also  examinations  made  in  N.  M.  and  La. 

Present  position:  Cons,  work,  Petroleum  Geol.  and  Engr. 

Oliver  Hall,  Coniston,  Ont.,  Canada. 

Proposed  by  C.  V.  Corless,  John  F.  Robertson,  R.  W.  Schultz. 

Born  1879,  Washington,  Ont.,  Canada.  1903,  Grad.,  McGill  Univ.;  E.  M.; 
1904,  M.  Sc.  1900-04,  Mining,  railway  work  (Grand  Trunk)  and  Allis-Chalmers. 
Chicago  (summers  only).  1904-05,  Engr.,  West  Canadian  Collieries,  Blairmore, 
Alta.,  Canada. 

Present  position:  1905  to  date.  Mines  Supt.,  Mond  Nickel  Co. 
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Ralph  Lucius  Healy,  Thane,  Alaska. 

Proposed  by  B.  L.  Thane,  Angus  Mackay,  B.  B.  Nieding. 

Bom  1887,  Marshall.  Minn.  1905,  High  school.  Red  Lake  Falls,  Minn.  190&-08, 
Univ.  of  Minnesota,  College  Elec.  Engrg.  1909-11,  Univ.  of  North  Dakota,  College 
Min.  Engrg.;  E.  M.  1911-12,  Vesuvius  Mines  Co.,  Bohemia,  Ore.  1912-13, 
Northern  Ontario  Exploration  Co.,  Juneau,  Alaska. 

Present  position:  1913  to  date,  Asst.  Engr.,  Perserverance  Mine,  Alaska  Gastineau 
Min.  Co. 

Herbert  Benton  Henegai^  Mascot,  Tenn. 

Proposed  by  Robert  Ammon,  M.  H.  Newman,  H.  K.  Sherrv. 

Bom  1891,  Knoxville,  Tenn.  1898-1908,  Knoxville  City  School.  Diploma  from 
High  School.  1908-12,  Univ.  of  Tennessee;  B.  S.  1907-12,  Summer  vacations, 
surveying.  1912-15,  drill  runner,  mine  and  mill  sampler,  warehouse  man,  surface 
foreman,  American  Zinc  Co.  of  Tenn. 

Present  position:  Asst.  Mine  Foreman,  American  Zinc  Co.  of  Tenn. 

Edwin  Gilbert  Izod,  Johannesburg,  So.  Africa. 

Proposed  by  W.  L.  Saunders,  George  A.  Howells,  R.  S.  Carter. 

Born  1876,  Southsea,  England.  1885-93.  Vickerys  Army  and  Navy  College, 
Southsea,  England.  1893-99,  Pupil,  Maudsley  Sons  &  Field,  Lambeth,  London 
(marine  engineers).  189^1901,  University  College,  London;  Junior  and  Senior 
Technical  Course.  1901-10,  Willians  &  Robinson,  Ltd.,  Rugby,  from  experimental 
asst.  to  Asst.  Managing  Director. 

Present  position:  1910  to  date.  Cons.  Elec.  and  Mech.  Engr.,  Central  Min.  &  In- 
vestment Corpn.,  Ltd.,  and  Rand  Mines. 

William  Ralph  Knapenberger,  Mascot,  Tenn. 

Proposed  by  A.  W.  Koch,  J.  N.  Houser,  Robert  Ammon. 

Bora  1890,  Brunswick,  Mo.  1907.  Bnmswick  Public  School.  1908,  St.  Charles 
Military  Academy.  1913,  Missouri  School  of  Mines;  B.  S.  1912,  Asst.  Chem., 
National  Malleable  Castings  Co.^  Toledo,  O.  1913-14,  Investigator,  Anaconda 
Cowper  Min.  Co.,  B.  &  M.  Reduction  Wks.,  Great  Falls,  Mont. 

Present  position:  Assistant  in  Mill,  American  Zinc  Co. 

Grover  B.  Lantz,  San  Francisco,  Cal. 

Proposed  by  G.  H.  Clevenger,  Robert  H.  Bradford,  H.  W.  Young. 

Bom  1889,  Milwaukee,  Wis.  .  1895-1907.  Grammar  and  High  School,  Colton, 
Cal.  1908-13,  Stanford  Univ.;  A.  B.  in  Min.  and  Met.  1909,  Nayal  Mill.  Co., 
Guanajuato,  Mex.  1909,  Guanajuato  Amalgamated  Mines  Co.  1913,  Eagle  Shaw- 
mut  Mines  Co^  Shawmut,  Cal.  1913,  Nevada  Mill.  Co.,  Tonopah,  Nev.  1914, 
Colorado  Min.  Co.,  Aroroy,  Masbate,  P.  1. 

Present  position:  Asst.  to  A.  D.  Marriott,  Jr.,  Dorr  Cyanide  Machinery  Co. 

Bernard  Hugo  van  der  Linden,  San  Francisco,  Cal. 

Proposed  by  Robert  B.  Moran,  W.  A.  Williams,  W.  R.  Hamilton. 

Born  1880,  Buit«nzorg,  Java.  1905,  Univ.  of  Delft;  M.  E.  1906-07,  Asst.  in 
Petrography,  Crystallography  and  Mineralogy,  Univ.  of  Delft,  Holland.  1907-13, 
Geol.,  Royal  Dutch  Oil  Co.,  D.  E.  I. 

Present  position :  1913  to  date,  Chief  Geol.  and  Field  Mgr.,  Shell  Company  of 
California  (California  Oilfields,  Ltd.). 

Bruce  R.  Lindsay,  Smithfield.  Fayette  Co.,  Pa. 

Proposed  by  M.  G.  Moore,  D.  M.  Stackhouse,  Andrew  B.  Crichton. 

Bora  1883,  Plymouth,  Pa.  1890-1901,  Plymouth  Public  Schools,  Pa.  Have 
first-grade  mine-foreman  certificate  for  bituminous  mines  of  Pa.  Mine-rescue 
certificate.  Bureau  of  Mines.  1901-06,  Employed  on  Engrg.  Corps,  Parrish  Coal 
Co.,  Plymouth,  Pa.  1906-08,  Res.  Engr.,  New  River  Collieries  Co.,  Eccles,  W.  Va., 
in  charge  of  mine  work  and  shaft  sinking.  1909,  Dist.  Engr.,  Lehigh  Coal  &  Navi- 
gation Co.,  Lansford,  Pa.  1910-15,  Three  years,  Engr.;  two  years.  Mine  Supt., 
Cambria  Steel  Co.,  Johnstown,  Pa. 

Present  position:  Mine  Supt.,  Republic  Iron  &  Steel  Co.,  Youngstown,  O. 
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Hugh  B.  Lowden,  Denver,  Ck>lo. 

Proposed  by  S.  A.  lonides,  Richard  A.  Parker,  J.  W.  Richards. 

Bom  1872,  New  York,  N.  Y.  1880-89,  Public  and  private  schools,  and  sub- 
sequently studied  mathematics,  chemistry,  metallurgy,  etc.,  privately.  No  degrees. 
Member,  Colorado  Scientific  Society.  1890,  Entered  employ  of  Gates  Iron  Works, 
Chicago,  111.,  manufacturers  of  rock  and  ore  crushing,  milling,  and  smelting  equip- 
ment. 1905,  Colorado  Iron  Works  Co.,  Denver,  Colo.,  metallurgy  of  the  precious 
metals,  copper  and  lead. 

Present  position:  Secy.,  Colorado  Iron  Works  Co. 

George  Caldwell  McFadden,  Witt,  111. 

Proposed  by  H.  H.  Stoek,  E.  A.  Holbrook,  H.  E.  Smith. 

Bom  1888,  Lessmahage,  Lanarkshire,  Scotland.  1893-1901,  Grade  school, 
Danville,  HI.  1901-05,  High  school,  Danville,  HI.  1906-08,  Asst.  Engr.:  1908-10, 
Div.  Engr.,  Dering  Coal  Co.,  Westville,  111.  1910-11,  Div.  Engr.,  Standard  Collieries 
Co.,  Johnston  City,  111.  1911-12,  Div.  Engr.,  Bumwell  Coal  Co.,  Witt,  111.  1912-14, 
Div.  Engr.,  Peabody  Coal  Co.,  Witt,  111. 

Present  position:  1914  to  date,  Div.  Engr.,  Receivers,  C.  &  E.  I.  coal  properties. 

Henry  Douglas  MacDonald,  Mascot,  Tenn. 

Proposed  by  A.  W.  Koch,  J.  N.  Houser,  Robert  Ammon. 

Bom  1887,  Ludlow,  Vt.  1907-08,  Tufts  College.  1908-13,  Mass.  Inst,  of  Tech., 
B.  S.  1911.  Min.,  Eustis  Min.  Co.,  Eustis,  Que.  1913-14,  Sampling,  refining, 
diamond  drill,  Hollinger  Gold  Mines,  Timmins,  Ont. 

Present  position:  1914  to  date,  Asst.  Met.,  American  Zinc  Co. 

George  Alexander  Macready,  Brighton,  Trinidad,  B.  W.  I. 

Proposed  by  G.  H.  Clevenger,  H.  W.  Young,  D.  M.  Folsom. 

Born  1885,  Tacoma,  Wash.  1906,  Grad.,  Throop  Polytechnic  Institute,  Pasadena, 
CaL  1910,  Grad.,  Leland  Stanford  Junior  Univ.;  A.  B.  in  Geol.  and  Min.  1914, 
Grad.^  student  in  Geol.,  Univ.  of  Chicago.  1910-y,  Resident  Geol.j  North 
American  Oil  Consolidated;  Taft,  Cal.  1911,  Instr.,  neld  and  topographic  Geol.. 
Leland  Stanford  Junior  Univ.  1911-14,  Head  Field  Geol.,  Bermudez  Co.,  ana 
Caribbean  Petroleum  Co. ;  Venezuela. 

Present  position:  1914  to  date.  Resident  Geol.,  Trinidad  Lake  Petroleum  Co.. 
Ltd. 

W.  Fred  Nance,  New  Castle,  Tex. 

Proposed  by  George  B.  Rodgers,  O.  M.  Bilharz,  E.  J.  Rossbach. 

Bom  1884,  Newnan,  Ga.  Grad.,  high  school.  Three  years  college  course. 
Knowledge  of  engrg.  acquired  through  experience  and  correspondence  courses. 

Present  position:  1908  to  date,  Sec,  Treas.,  Mine  Supt.  and  Min.  Engr.,  Belknap 
Coal  Co. 

Thomas  Henry  Oxnam,  Jr.,  Fairview,  Ariz. 

Proposed  by  Philip  Wiseman,  See^ey  W.  Mudd,  Frank  A.  Keith. 
Bom  1883,  Lebanon,  111.  Preparatory  school  work,  Los  Angeles  public  schools, 
high  school  and  Belmont  Milita^  Academy.  1905-06,  Special  work,  Columbia 
Univ.  1897-98,  Asst.  Assay er,  De  Lamar  Mines  Co.,  De  Lamar,  Nev.  1901, 
1903-05,  Assayer  and  later  Asst.  Mine  Supt.,  Palmarejo  &  Mexican  Gold  Fields, 
Mex.  1907-08,  Chem.,  later  Supt.,  for  Receiver,  Ariz.  Smelting  Co.,  Humboldt, 
Ariz.  1909.  Underground  miner.  Copper  Queen  Mines,  Bisbee,  Ariz.  1909^10, 
General  mill  work,  Goldfield  Cons,  and  Combination  Fraction,  Goldfield.  1911,  In 
charge  of  Min.  Dept.,  Y.  M.  C.  A.  Technical  School,  Los  Angeles,  Cal.  1912-13, 
Met.  Engr.,  Chino  Copper  Co^  Hurley,  N.  M.  1914,  Mine  Supt.,  Gold  Mountain 
Mines  Co.,  Doble,  Victorville,  San  Bernardino  Co.,  Cat. 

Present  position:  Met.  Engr.,  Grand  Reef  Mill.  Co. 

Robert  Dun  Patterson,  Lowe,  W.  Va. 

Proposed  by  John  J.  Lincoln,  L.  E.  Tierney,  William  D.  Ord. 

Born  1881,  Dayton,  O.  1904,  Grad.,  Sheffield  Scientific  School,  Yale  University; 
Ph.B.  Prepared  for  college  at  Taft  School,  Watertown,  Conn.  1904,  Came  to 
Pocahontas  coal-field  and  assisted  engr.  of  Weyanoke  C.  &  C.  Co.,  which  place  was 
just  opening  up.  Later  became  Supt.  1912,  Gen.  Supt.,  Weyanoke  C.  i  C.  Co., 
White  Star  Min.  Co.,  and  Gulf  Coal  Co. 

Present  position:  Genl.  Mgr.,  Weyanoke  White  Star  and  S.  J.  Patterson  Poca.  Co. 
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John  Painter  Remick,  Peking.  China. 

Proposed  by  Thomas  T.  Read,  B.  B.  Thayer,  J.  W.  Allen. 

Bom  1867,  Ruabon,  North  Wales.  To  1885,  Various  schools  in  England.  1885- 
87,  Owen's  College,  Manchester.  Student  to  J.  &  P.  Higson,  five  years,  oui  of 
which  three  years  were  spent  in  practical  training  at  Hemsworth  Collieries.  Yorkshire 
and  several  collieries  in  Lancashire,  Staffordshire,  Cheshire,  and  North  Wales.  1890- 
9.3^  Asst.,  J.  &  P.  Higson,  Manchester.  1893-1907.  Cons.  Min.  Engr.  In  charge  of 
Flunby  and  Broughton  Moor  Collieries,  Cumberland,  Hockly  Hall  and  Wh^dey 
Collieries,  Warwickshire,  etc.  Certificated  Colliery  Manager,  1st  class,  a  member  of 
the  I.  M.  £.  (British),  Iron  and  Steel  Institute,  Institution  Min.  and  Met.  A.  M.  I.  C.  E. 

Present  position:  General  Agent  &  Engr.,  Pekin  Syndicate,  Ltd. 

Charles  Albert  Schieren,  New  York,  N.  Y. 

Proposed  by  Theodore  L.  Dwight,  W.  R.  Ingalls,  Richard  H.  Vail,  W.  L.  Saunders, 
Frank  W.  Iredell,  Leon  P.  Feustman. 

Bom  1869.  Brooklyn,  N.  Y.  1879-1887,  Polytechnic  Institute  of  Brooklyn,  N.  Y. 
Traveled  ana  founded  agencies  and  branch  houses  in  Europe,  Cuba,  Mexico,  and  all 
parts  of  U.  S.  A. 

Present  position:  Pres.,  Charles  A.  Schieren  Co. 

Thomas  McCourt  Smither,  Wonder,  Nev. 

Proposed  by  E.  E.  Carpenter,  H.  M.  Alley,  George  J.  Young. 

Bom  1892,  Temple,  Tex.  1900-05,  Trinity  School,  New  York,  N.  Y.  1905-06, 
Lowell  High  School,  San  Francisco,  Cal.  1906-09,  Univ.  of  Nevada.  Preparatory 
School^  Reno,  Nev.  1909-13,  Mackay  School  of  Mines,  Univ.  of  Nev.,  Reno,  Nev.; 
B.    S.  m  Min.  Engrg.     1913-14,  Montana-Tonopah  Min.  Co.,  Tonopah,  Nev. 

Present  position:  1914  to  date,  Asst.  Min.  Engr.,  Nevada  Wonder  Min.  Co. 

William  Leonard  Stevens,  Rancagua,  Chile. 

Proposed  by  Ross  E.  Douglass,  Lester  E.  Grant,  B.  T.  CoUey. 

Bom  1878,  Somerville,  Mass.  To  1896,  Somerville,  Mass.,  Public  School.  1896- 
1900,  Mass.  Inst,  of  Tech.;  S.  B.  1900-01,  Asst.,  Min.  Dept.,  Mass.  Inst,  of  Tech. 
1901-05,  Asst.  Chem.,  Furnace  Foreman,  Genl.  Foreman  and  Asst.  Supt.,  Tenn. 
Copper  Co.  1905-08.  Supt.,  Tenn.  Copper  Co.  1908-10,  Supt.,  Smelter,  Copiapo 
Min.  Co.,  Copiapo,  Cnile. 

Present  position:  1910  to  date.  Met.  Accountant,  Braden  Copper  Co. 

John  L.  Tem^men,  Butte,  Mont. 

Proposed  by  W.  D.  Mangam,  Horace  V.  Winchell,  Fred  T.  Greene. 

Bom  1872,  England.  1897,  Iowa  College,  Grinnell,  la.;  A.  B.  1899,  Univ.  of 
Virginia,  Charlottesville,  Va.;  LL.B.  1915,  Owner  of  and  operating  a  lease  of  Nancy 
Hanks  mine,  Garnet,  Mont.  Owning  and  operating  other  properties  in  Montana  of 
leas  consequence. 

Present  position:  Attorney  at  law,  Butte,  Mont. 

Arthur  Thomas  Ward.  Sewell,  Chile. 

Proposed  by  B.  T.  Colley,  R.  K.  Stockwell,  Lester  E.  Grant. 

Bom  1890,  Bellefonte,  Pa.  Until  1908,  public  and  private  schools,  Bellefonte  and 
Carlisle,  Pa.  Grad.,  Electrometallurgy,  Lenigh  Univ.  Summers,  1908  to  1912,  inc., 
sales  dept..  Aluminum  Cooking  Utensil  Co.,  Phila.  and  New  York  Dist.  1913-14,  Ex- 
perimental Chem.,  U.  S.  Met^  Refg.  Co.,  Chrome,  N.  J. 

Present  position:  1914  to  date,  Experimental  Engr.,  Braden  Copper  Co. 

Francis  Watson,  Iquique,  Chile. 

Proposed  by  Huntmgton  Adams,  R.  M.  Atwater,  Jr.,  C.  R.  Corning. 

Bom  1884,  Lima,  Peru.  1894-98,  Barham  House,  a  private  school  at  St.  Leonards- 
on-sea,  England.  1898-1900,  Harrow  School,  England.  1900-01,  Junior  clerk. 
Thomson  Aiknan,  Jr.,  nitrate  of  soda  broker,  London,  E.  C.  1901-03,  Unauthorized 
clerk,  Edward  Lawrence  &  Co.,  London  Stock  Exchange.  1903-09,  Clarke,  Bennett 
A  Co.  of  louique,  Chile,  employed  in  nitrate  manufactories.^  1909-10,  Nitrate 
Agencies,  Ltd.,  successors  of  Clarke,  Bennett  &  Co.,  as  manager  of  ^'Oficina"  Santa 
F6,  Tocopilla. 

Present  position:  Nitrate  Agencies,  Ltd.,  as  Mgr.,  Nitrate  Department,  con- 
trolling 15  nitrate  manufactories,  and  all  exploration  work. 
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Arthur  Edward  Wells,  Berkeley,  Cal. 

Proposed  by  F.  G.  Cottrell,  Robert  H.  Bradford.  G.  H.  Clevenger. 

Born  1884,  Saxonville,  Mass.  1890-1902,  Public  Schools,  Framingham,  Mass. 
1902-06.  Mass.  Inst,  of  Tech.;  B.  S.  in  Min.  Engrg.  and  Met.  1906-13,  American 
Smelt.  &  Ref.  Co.  1906,  Chem.,  Globe  &  Arkansas  Valley  Smelters.^  1907,  Chem., 
Murray  Smelter.     1908-09,  Research  Chem.,  Murray  and  Garfield  Smelters.     1910- 

II,  Asst.  Met,  Garfield  Smelter.     1912-13,  Met.,  Garfield  Smelter.     J914,  Met.  in 
charge  investigation,  Selby  Smelter  Commission. 

Present  position:  Met.,  Smelter  Smoke  Investigations,  U.  S.  Bureau  of  Mines. 

Frederick  H.  WiUcox,  Pittsburgh,  Pa. 

Proposed  by  Van  H.  Manning,  A.  H.  Fay,  W.  A.  Williams. 

Bom  1882,  Smyrna,  N.  Y.  1902,  Colgate  Academy.  1906,  Mass.  Inst,  of  Tech.; 
B.  S.  1906-07,  Asst.  Instr.,  Mass.  Inst,  of  Tech.  1907-11,  Duquesne  Furnace, 
Carnegie  Steel  Co.  1911-13,  National  Furnaces,  National  Tube  Co.  1913-14, 
Monessen  Furnaces,  Pittsburgh  Steel  Co.  1914,  U.  S.  Bureau  of  Mines,  Pittsburgh, 
Pa. 

Present  position:  Met.  Engr.,  U.  S.  Bureau  of  Mines. 

William  Henry  WiUiams,  New  York,  N.  Y. 

Proposed  by  Eli  T.  Conner,  E.  R.  Pettebone,  C.  Dorrance,  Jr. 

Born  1874,  Athens,  O.  Public  school,  Toledo,  O.  Business  college,  Beaver 
Falls,  Pa.  1891-92,  Engrg.  Corps,  P.  &  L.  E.  R.  R.  1892-1901,  Various  positions, 
Penn.  Lines  W.  of  Pittsburgh.  1901-1904,  Asst.  Secy.,  Asst.  to  Genl.  Mgr.,  B.  &  0. 
R.  R.  1904,  Supt.  Frt.  Trans.,  Frisco  and  C.  &  E.  1.  1905-07,  Traffic  Mgr.,  Pitts- 
burgh Chamber  of  Commerce.     1907,  Asst.  to  Pres.,  Delaware  &  Hudson  Co. 

Present  position:  1907  to  date,  Vice-Pres.,  Delaware  &  Hudson  Co.,  and  Hudson 
Coal  Co. 

Associate  Members 

Reuben  Waldo  Davis,  Dolores,  Webb  Co.,  Tex. 

Proposed  by  J.  F.  Kemp,  Bradley  Stoughton,  M.  C.  Scheble,  E.  R.  Jones. 

Born  1877,  Cuyahoga  Falls.  O.  1883-85,  Public  school,  Cuyahoga  Falls,  0. 
1885-87,  Public  school,  Anson.  Tex.  1887-92  Public  school,  Santo  Tomas,  Webb  Co., 
Tex.  1892-95,  International  Correspondence  Schools,  Scranton,  Pa.  1902-03, 
New  York  University,  New  York.  1903-04.  Columbia  University,  New  York. 
Attended  several  other  schools  for  short  perioas  between  1902  and  1905.  1894-95, 
Santo  Tomas  Coal  Co.  1895-96,  Rio  Grande  Coal  Co.  1896-1902,  1905-07. 
Cannel  Coal  Co.  1907-09,  Cia.  Fundidora  de  Fierro  y  Acero,  Cia.  Carbonifera  del 
Norte. 

Present  position:  1909  to  date;  Engr.,  Maintenance  of  Way,  Rio  Grande  & 
Eagle  Pass  Ry.;  Asst.  Supt.  and  Min.  Engr.,  Cannel  Coal  Co. 

Paul  Messer,  Tokyo,  Japan. 

Proposed  by  W.  L.  Saunders,  George  A.  Howells,  L.  D.  Albin. 

Born  1873,  Chicago,  111.     1878-87,  Oakland  public  and  high  schools,  Chicago, 

III.  1887-90,  Chicago  Manual  Training  School.  1890-94,  Cornell  Univ.,  M.  E. 
Member,  Sigma  Xi  Society,  A.  S.  M.  E.,  Japan  Inst,  of  Min.  Engrs.  1894-96,  Asst. 
and  Chief  Engr.,  Fraser  &  Chalmers  Co.  1896-97,  Foreman,  machine  shop,  Myr- 
pacht,  Randfontein  Mine,  So.  Africa.  Amalgamator,  Nortn  Randfontein  Mine. 
1897-1903,  Shop  work,  Fraser  &  Chalmers,  erecting  floor.  Engrg.  Salesman,  Fraser 
&  Chalmers  and  Allis-Chalmers  Co.,  Chicago,  Butte,  Rossland,  Spokane,  New  York. 

Present  position:  1903  to  date,  Mgr.,  Engrg.  Dept.,  and  Acting  Agt.,  American 
Trading  Co. 

Philip  Edward  Thomas,  Johnstown,  Pa. 

Proposed  by  M.  G.  Moore,  D.  M.  Stackhouse,  Andrew  B.  Crichton. 
Born  1892,  Johnstown,  Pa.     To  1911,  Public  schools,  Johnstown,  Pa.      1915, 
Princeton  Univ.;  B.  S.  in  Geol. 

Present  position :  Coal  Sales  Agent,  Shade  Creek  Coal  Co. 

Felix  Richard  John  Wanjura,  KoskuUskuUs,  Gellivare,  Sweden. 

Proposed  by  W.  L.  Saunders,  George  A.  Howells,  L.  D.  Albin. 

Born  1870,  Beuthen,  Germany.  1880-89^  Uppsala  High  School.  1889-92, 
Stockholm  Technic  High  School.  1893-99,  Verem  Konigs  and  LaurahUtte-coaUmines', 
Laurahiitte,  Germany. 

Present  position:  1899  to  date;  Bergv.  aht.  W.  C.  Freja,  KoskuUskuUs  Iron  Mine, 
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Junior  Members 

Thomas  Edwin  Nott  Pittsburgh^  Pa. 

Proposed  by  Roswell  H.  Johnson,  H.  B.  Meller,  S.  L.  Goodale. 

Born  1892,  Spartanburg,  S.  C.  1908,  Grad.,  Gainesville,  Ga.,  High  School. 
1908-10,  Univ.  of  Georgia,  Athens,  Ga.  1910-11,  Univ.  of  S.  C.,  Columbia,  S.  C. 
1911-13,  Clinchfield  Fuel  Co.,  Spartanburg,  S.  C.  1913,  C.  C.  &  O.  Ry.,  Erwin, 
Tenn.     1913,  Clinchfield  Coal  Corp.,  Dante,  Va.;  1913-14,  Spartanburg,  S.  C. 

Present  position:  Student,  Univ.  of  Pittsburgh. 

Changes  op  Address  op  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  July  10  to  Aug.  10,  1915.  This 
list,  together  with  the  list  published  in  Bulletin  Nos.  100  to  104,  April  to 
August,  1915,  and  the  foregoing  list  of  new  members,  therefore,  supple- 
ments the  annual  list  of  members  corrected  to  Mar.  1,  1915,  and  brings 
it  up  to  the  date  of  August  10,  1915. 

Allen,   John  A Castano   Nuevo,   San  Juan,   Argentine. 

Allen,  Milton  A.,  Mgr Pearsite  Co.,  Inc.,  Cannel  City,  Ky. 

Allport,  Robeson  H 724  W.  Marshall  St.,  San  Antonio,  Tex. 

Ammon,  Robert,  Asst.  Mill  Supt American  Zinc  Co.  of  Tenn..  Mascot,  Tenn. 

Arms,  Charles  S 5125  Wayne  Ave.,  Philadelphia,  Pa. 

Bassett,   Thomas  E. Care  Y.    M.   C.   A.,   Bisbee,   Ariz. 

Batcheller,  J.  H.,  Supt.,  Ravenswood  Mine,  U.  S.  Smelting  Co.,  Reeds, 

Jasper  Co.,  Mo. 

Behre,  Henry  A Care  Braden  Copper  Co.,  Rancagua,  Chile. 

Bell,  J.  M.,  Geol.  and  Min.  Engr.;  Cons.  Engr.,  L.  Ehrlich  &  Co.,  310  Dominion 

Express  Bldg.,  Montreal,  Canada. 
Bellinger,  H.  C,  Care  M.  Guggenheim  Sons,  Room  3546,  120  Broadway, 

NewYork,  N.  Y. 

Benham,   Willard   Miles Ray,   Ariz. 

Bernhard,  Durward  I Managua,  Nicaragua. 

Berray,  Niles  S 349  Carroll  Park  E.,  Long  Beach,  Cal. 

Blackmar,  Frank  H 706  Garfield  Ave.,  Kansas  City,  Kan. 

Blake,  True  Walter,  Min.  Engr Davis  Creek  Coal  Co.,  Novinger,  Mo. 

Boise,  Charles  Watson,  Chief  of  Mines  de  la  Formini^re,  Kasai,  Tshikapa, 

Belgian  Coneo. 

Boler,  Charles  A 135  S.  Second  St.,  Philadelphia,  Pa. 

Braddock,    Homer    F Mt.    Pleasant,    Pa. 

Brandt,  Maurice  Sheldon,  Chief  Engr.,  White  Eagle  Mining  &  Milling  Co., 

Boulder,  Colo. 
Brayer,  N.  G.,  Supt.,  Sharon  Works,  National  Malleable  Castings  Co.,  Sharon,  Pa. 

Carpenter,  Clark  B Ray,  Ariz. 

Carson,  Joseph  A Care  AUis-Chalmers  Mfg.  Co.,  Milwaukee,  Wis. 

Caruthers,    a.    Wayne Old    Company's    Club,    Lansford,    Pa. 

Church,  John  L Care  Placer  Hotel,   Helena,   Mont. 

Crandall,   Roderic 454   Forest  Ave.,    Palo   Alto,    Cal. 

Dake,  Walter  M^  Jr.,  Met 815  Gaylord  St.,  Denver,  Colo. 

Depty,    William   E 618   N.    Third   Ave.,    Phoenix,    Ariz. 

Dick-Cleland,  a.  F.,  Care  Institution  of  Mining  and  Metallurgy,  1  Finsbury 

Circus,  London,    E.    C,    England. 
Dixon,  A.  Faison,  Field  Mgr.,  Colon  Development  Co.,  Ltd.,  Camp  Rio  de  Oro, 

Venezuela 
Eames,  Luther  B.,  Mill  Supt.,  Hollinger  Gold  Mines,  Ltd.,  Box  228,  Timmins, 

Ont.,  Canada. 

Enos,  Herbert  C Carrizozo,  N.  M. 

Evans,  Cadwallader,   Jr R.   F.   D.    1,   Sawtelle,   Cal. 

Eveland,  Arthur  J Care  Engineers'  Club,  32  W.  40th  St.,  New  York,  N.  Y. 

Ford,  Harold  Percy 2023  S.  20th  St.,  St.  Joseph,  Mo. 

Fulton,  Chester  A 798  N.  Broadway,  Yonkers,  N.  Y. 

Card,  Irving  R.,  Consulting  Engr.,  Columbia  River  Coal  Dock  Co., 

North  Portland,  Ore. 
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Gillespie,  F.  M.  S Abangarez,  Costa  Rica. 

GooDLAND,  GiLLMORB Devonshire  Club,  St.  James  St.,  London,  England. 

Grant,  Bertram Kingman,  Ariz. 

Greenan,  James  Owen,  Min.  Engr.;  Engr.,  Sarita  Mining  Co.,  Masonic,  Cai., 

via  Sweetwater,  Nov. 
Grether,  Walter  Scott,  Min.  Engr.;  Asst.  Min.  Supt.,  Butte  &  Superior 

Copper  Co.,  Ltd.,  Butte,  Mont. 
Griggs,  Thomas  W.,  Director,  Colfax  Consolidated  Coal  Co.,  Davenport,  Iowa. 

Hance,  James  H 202  Perry  St.,  Elgin,    Bl. 

Harbach,  Herbert  M Care  Lackawanna  Club,  Lackawanna,  N.  Y. 

Harden,  Edward  B Panama  Canal,  Washington,  D.  C. 

Harder,  Edmund  Cecil,  Geol U.  S.  Geological  Survey,  Washington,  D.  C. 

Hardy,  J.  Gordon,  American  Smelting  &  Refining  Co.,  120  Broadway, 

New  York,  N.  Y. 

Hess,  Rush  M Care  Kenneth  M.  Hess,  Cocoanut  Grove,  Fla. 

HoGOBOoM,  William  Coryell,  Drill  Inspector,  Southeast  Missouri  Lead  Co., 

Potosi,  Washington  Co.,  Mo. 

Holt,  Theodore  P Supt.,  Tintic  Milline  Co.,  Silver  City.  Utah. 

HoNNOLD,  William  L 6  London  Wall  Bldgs.,  London,   E.  C,  England. 

HoTCHKiN,    Merritt    W Box    356,    Haileybury,    Ont.,    Canada. 

Howard,  Leslie  E 259  Niagara  St.,  Lockport,  N.  Y. 

HowAT,  Andrew  M.,  Min.  Engr.;  Supt.  of  Mine,  Mogollon  Mines  Co., 

Mogollon,  Socorro  Co.,  N.  M. 

Hudson,   Albert   W.,    Met Phelps,    Dodge   &   Co.,    Douglas,   Aria. 

Hutchinson,  Robert  M Care  Lackawanna  Club.  Lackawanna,  N.  Y. 

Inolis,  J.  F Care  B.  &  H.  Mine,  Twin  Bridges,  Mont. 

Jenks,  Norman  L Care  Tracey  Bros.,  Medellin,  Colombia,  S.  A. 

Jenks,  Thomas  H Box  173,  Albuquerque.  N.  M. 

Johnston,  C.  W 122  Florida  Ave.,  Port  Norfolk,  Va. 

Kennedy,  Joseph  E 120  Broadway,  New  York,  N.  Y. 

Kidder,  S.   J,    Genl.    Mgr Mogollon  Mines  Co.,  Mogollon,  N.  M. 

Kino,  Paul  S 701  W.  Tenth  St.,  Wilmington,  Del. 

Koehler,  Carl  F Youngstown  Sheet  &  Tube  Co.,  Youngstown,  Ohio. 

KoNO,    S.    T The   "Riversite,"   Tungshan,    Canton,    China. 

Liebig,  John  Orth Balbach  Smelt.  &  Refining  Co.,  Newark,  N.  J. 

Loerpabel,  W.  Harrison 116  ElHson  St.,  Lead,  S.  D. 

McKenna,  Alexander  G.,  Chem.  and  Met.,  Washington  Steel  &  Ordnance  Co., 

Washington,  D.  C. 

McMeekin,  Charles  W 1226  47th  Ave.,  San  Francisco,  Cal. 

Macfarlane,  a.  Kennedy,  San  Francisco  Mines  of  Mexico,  Ltd.,  Apartado  48, 

Parral.  Chih.,  Mexico. 

MacKay,  Henry  S MacKay  Copper  Process  Co.,  Norwich,  Conn. 

Magnuson,    Mark    G 49    Chamber   of  Commerce,    Minneapolis,    Minn. 

Marshall,  James  J R.  F.  D.  3,  Farmville,  Va. 

Marshall,  S.  M.,  Mgr.,  Turbine,  Condenser  and  Pump  Departments,  South wark 

Foundry  &  Machine  Co.,  5th  &  Washington  Ave.,  Philadelphia.  Pa. 

Masters,  Harris  K 392  E.  Washington  Ave.,  Bridgeport,  Conn. 

Maxon,  Walter  Landon 60  Greenbush  St.,  Cortland.  N.  Y. 

Means,  Ellison  C Box  99,  Rockville,  Md. 

MrriNSKY,  A.  N.,  Min.  Engr.,  Chief  Engr.  of  Railroad  supplies  department, 

V.  O.  2,  Line  N.,  3,  Petrograd,  Russia. 

MooRE,  Edward  W 6343  Dorchester  Ave.,  Chicago,  111. 

MooRE,  Elwood  S Dept.  of  Geology,  State  College,  Pa. 

MooRE,  L.  D Care  Darrow-Mann  Co.,  40  Central  St.,  Boston,  Mass. 

MouLE,  J.  W.,  Care  Australian  Institute  of  Mining  Engineers, 

67  Swanston  St.,  Melbourne,  Vic,  Australia. 
MuNROE,  Charles  E.,  Prof,  of  Chemistry,  George  Washington  Univ., 

Washington,   D.  C. 

Newell,  Arthur ', Darby,  Mont. 

Newell,  Frederick  H  . . . .  Head  of  Civil  Engr.  Dept.,  Univ.  of  Illinois,  Urbana,  111. 

Niedino,  Burton  B Perseverance,  via  Thane,  Alaska. 

Nighman,  C.  Edwin,  Shift  Boss,  Leonard  Mine,  Anaconda  Copper  Min.  Co., 

Butte,  Mont. 

Ormrod,  John  D,  Pres Donaldson  Iron  Co.,  Emaus,  Lehigh  Co.,  Pa. 

Palmer,  William  Frederick Miami,  Arif . 
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Parkeb,  Edward  W.,  Director,  Anthracite  Bureau  of  Information, 

1032  Miners  Bank  Bidg.,  Wilkes-Barre.  Pa. 

Pbhkins,  H.  C 1701  Connecticut  Ave.,  Washington,  D.  C. 

Peterson,  Axel  M 810  Peach  St.,  Erie,  Pa. 

Phillips,  Drurt  McNeill 1220  Proctor  St.,  Port  Arthur,  Tex. 

Phillips,  William  B.,  Pres Colorado  State  School  of  Mines,  Golden,  Colo. 

Pitman,  S.  M  . » Box  1118,  Providence,  R.  I. 

PococK,  Cecil  W • Northern  Ore  Co.,  Edwards,  N.  Y. 

Potter,  Winpield  S.,  Mfr.,  Pres Alloy  Steel  Forgings  Co.,  Carnegie,  Pa. 

PROCHAZKA,  George  A.,  Jr Central  Dye  Stuff  Chemical  Co.,  Newark,  N.  J. 

Read,  Thomas  T.,  Care  Engels  Copper  Min.  Co.^  Engels,  via  Keddie,  Plumas  Co.,  Cal. 

Rhoads,  Albert  E Frontier  Brass  Co.,  Niagara  Falls,  N.  Y. 

RiEBEL,  Otto  F 972  E.  27th  St.  N.,  Portland,  Ore. 

Robertson,    Jasper   T 9541    Winchester   Ave.,    Chicago,    111. 

RoDQEBS,  Joseph  H R.  F.  D.  10,  Box  291,  Los  Angeles,  Cal. 

Rodoebs,  Selden  S *. Care  Union  Basin  Mining  Co.,  Golconda,  Ariz. 

Rogers,  Benjamin  C Detroit  Copper  Mining  Co.,  Morenci,  Ariz. 

RoBK,  Frank  Curtis Care  Minelia  Motte  Co.,  Mine  La  Motte,  Mo. 

RosEWARNE,  D.  D.,  Royal  Colonial  Institute,  Northumberland  Ave.,  London. 

W.  C,  England. 

Ryan,  Edward  C,  Asst.  Supt Federal  Furnace  Co.,  S.  Chicago,  111. 

ScHABER,  Carl  F.,  Div.  Engr.,  Tennessee  Coal,  Iron  &  R.  R.  Co.,  Bessemer,  Ala. 

ScHAEFEB,  Frederick  Ritllman Good  Roads  Machinery  Co.,  Fort  Wayne,  Ind. 

ScHEBLB,  M.  C Box  65.  Sinton,  Tex. 

ScHMALs,  Charles  H 130  Burlington  Ave.,  Billings.  Mont. 

Semplb,  Robert  Alexander 67  W.  63d  St.,  New  Yorfc,  N.  Y. 

Sbnoer,    Richard   Warren Asarco,    Durango,    Mexico. 

Skeafe,  Harrt  J Instructed  to  hold  all  mail. 

Hkogmark,  John,  Constr.  Engr Mineral  Paint  Line  Co.,  Chicago,  ill. 

Smalb,  Frank  L Box  289,  Victor,  Colo. 

Smith,  Lloyd  B 824  S.  Detroit  Ave.,  Tulsa,  Okla. 

SoMBRS,  Ransom  E 804  E.  Seneca  St.,  Ithaca,  N.  Y. 

SoNNBMANN,  G.  A 218  Rivcrsidc  Ave.,  Spokane,  Wash. 

Sparks,  James  T 326  Erie  St.,  El  Paso,  Tex. 

Sproat,  a.  D.,  Cia.  de  Santa  Gertrudia  S.  A.,  Pachuca,  Hgo.^  Mexico,  via  Vera  Cruz. 

Starkey,  Tom  R Penmaen,  Hampton  Wick,  Middlesex.  England. 

Stavbr,   W.   H Opnir,   Colo. 

Sweeny,  Harry  P.,  Genl.  Mgr.,  Canadian  Atlantic  Coal  Co.,  Ltd., 

Port  Malcolm,  N.  S.,  Canada. 

Thompson,  Arthur  P Magdalena,  N.  M. 

Thomson,  Alexander  T.,  Care  Phelps,  Dodge  &  Co.,  99  John  St.^  New  York,  N.  Y. 

Thomson,  Edward Av.  Vallarta  107,  Guadalajara,  Jal.,  Mexico. 

Thorne,  William  E.,  Lenskoie  Gold  Mining  Co.,  Ouspensky  Mine,  Bodaibo,  Siberia. 

Tibby,  Benjamin  F 4  Caithness  Apts.,  Salt  Lake  City,  Utah. 

Tsai,  Hsiano Columbia  University,  New  York,  N.  Y. 

Wano,  Chung  Yu Tayeh  Lron  Mines,  Tayeh,  Hupeh  Province,  China. 

Warner,  Robert  K 128  Oneida  St..  Syracuse,  N.  Y. 

Warren,  Frank  M.,  Director,  Asst.  Sec.^  Treas.,  En^r.,  Pine  Lana  Co., 

1224  First  ''National-Soo"  Lme  Bldg.,  Minneaoolis,  Minn. 

West,  William  C Fort  Myers,  Fla. 

Wicks,  Frank  R.,  Asst.  Supt Chino  Copper  Co.^  Hurley,  N.  M . 

Wilding,  James,  Met.  and  Min  Engr.,  Mineral  Separation  American 

Syndicate,  825  Merchants  Exchange  Bldg.,  San  Francisco,  Cal. 

Wilson,  Gordon Apartado  7,  Zswatecas,  Zac,  Mexico. 

Wirr,  Herbert  Nelson Care  A.   M.  Ardery,  Carson  City,   Ncv. 

Addresses  of  Members  and  Assoclites  Wanted 

Name  Last  address  of  Record,  from  which  Mail  has  been  Returned. 

Boise,  Charles  Watson,  Care  Forminidre,  8  Montague  du  Pare,  Brussels,  Belgium. 

Clkrc,    Camille 92    Rue   JoufFrey,    Paris,    France. 

DowLER,    Harry    P Penn-Mary    Coal    Co.,    Heilwood,    Pa. 

Geiger,   Arthur  W 220   Mills   Bldg.,   San   Francisco,   Cal. 

Graves,  McDowell 949  Atlantic  Ave.,  Long  Beach,   Cal. 

Jones,  Thomab  J Perm  Govt.,  via  Petrograd,  Russia. 
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KiRKLAND,  T.  C,  Cia.  Met.  y  Refinadora  del  Pacifico  S.  A.,  Fundicion,  Son.,  Mexico. 

McCarrick,    E 628   N.    Serrano   Ave.,   Los   Angeles,    Cal. 

Miller,  Frank  Barton Blair,  Esmeralda  CJo.,  Nev. 

Morris,  Charles  E Pony,  Madison  Co.,  Mont. 

Morse,  Robert  G Mass  Steel  Casting  Co.,  Everett,  Mass. 

Oliver,   Roland  B 8  Montagne  du  Pare,  Brussels,   Belgium. 

Prichard,  Will  A Room  711,  111  Broadway,  New  York,  N.  Y. 

Rhodes,    W.    B Golden,    Colo. 

RuBEL,  Milton  L.,  Pilones  Min.  Co.,  Topia,  Dgo.,  Mex.,  via  Nogales 

and  Culiacan,  E.  de  Sin. 

ScHiNDLER.  Donald  F 215  N.  Murray  St.,  Madison,  Wis. 

Seibert,  Percy  A Hagerstown,  Md. 

SoMERS,  Ransom  E 804  E.  Seneca  St.,   Ithaca.   N.  Y. 

Stillwagon,  Sam  C 329  W.  58th  St.,  New  York,  N,  Y. 

Welsh,  Norval  J.  E Organ,  P.  O.,  N.  M. 

Wilcox,  Ralph Curanilahue,  Chile. 

Wright,  Jesse  T Wallace,  Idaho. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  July  10  to  Aug.  10,  1915: 

Date  of 

Election.  Name.  Date  of  Decease. 

1886  ♦  Foote,  William  Banks June  25,  1915 

1887  ♦  Green,  Charles  B Apr.  24,  1915 

1895  ♦  Holmes,  Joseph  A July  12,  1915 

1881  *  Ormrod,  George June  21,  1915 
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EXBCUnVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York 

Meete  first  Wednesday  after  first  Taesday  of  eaoh  month. 
DAVID  H.  BROWNE,  Chairman,  JOHN  H.  JANEWAY,  Viu-Chairman, 

F.  E.  PIERCE.  SeertUxnh  85  Nassau  St.,  New  York,  N.  Y. 

P.  A.  MOSMAN,  Tnanenr. 
LEWIS  W.  FRANCIS.  -      - 

BotUm 

Meets  first  Monday  of  eaoh  winter  month. 
HENRY  L.  SMYTH,  Chairman,  ALFRED  C.  LANE ,  Vic^-Chairman. 

HENRY  A.  WENTWORTH,  Secretary- 3VaMtfr«r,  60  India  St.,  Boeton,  Mass. 
ROBERT  H.  RICHARDS,  ALBERT  SAUVEUR. 

Cohmbia 

Holds  four  sessions  during  year.    Annual  meeting  in  September  or  October. 
FRANK  A.  ROSS.  Chairman,  RUSH  J.  WHITE,  Vie^Chairman. 

LYNDON  K.  ARMSTRONG,  Secretary-rreoevrer,  P.  O.  Drawer  2164,  Spokane.  Wash. 
FREDERIC  KEFFER.  FRANCIS  A.  THOMSON. 

Pttgel  Sound 

Meets  seoond  Saturday  of  eaoh  month. 
I.  F.  LAUCKS,  Chairman,  J.  F.  MENZIES.  Fiee-CAairmon. 

GLENVILLE  A.  COLLINS,  Seeretary-rreoeicrer,  Box  144.  Seattle,  Wash. 

H.L.  MANLEY. 

Southern  Calif  omia 

8EELEY  W.  MUDD,  Chairman,  C.  COLCOCK  JONES.  Vie^Qhairman, 

FREDERICK  J.  H.  MERRILL.  Secretary- rreo«tirer,  631  Higgins  Bldg.,  Los  Angeles,  Cal. 
RALPH  ARNOLD,  A.  B.  CARPENTER. 

Colorado 

CHARLES  A.  CHASE,  Chairman,  B.  A.  lONIDES.  Vie^Chairman, 

C.  LORIMER  COLBURN,  Seeretary-rreoeiirer,  614  Ideal  Bldg.,  Denver,  Colo. 
FRED  H.  BOSTWICK,  W.  G.  SWART. 

Montana 

FRANK  M.  SMITH.  Chairman,  JAMES  L.  BRUCE.  Vie^Chairman. 

DARSIE  C.  BARD.  Secretary,  Montana  State  School  of  Mines.  Butte,  Mont. 
FREDERICK  LAIST,  W.  C.  SIDERFIN. 

San  Francitco 
Meets  second  Tuesday  of  eaoh  month. 
G.  HOWELL  CLEVENGER,  Chairman,  C.  W.  MERRILL,  Viee-Chairman. 

JAMES  C.  RAY,  Secreiartf-Treaatirer,  1235  Webster  St..  Palo  Alto.  Cal. 
F.  W.  BRADLEY,  ANDREW  C.  LAWSON. 

Penneyhnmia  Anthracite  Section 

R.  V.  NORRIS,  Chairman, 
CHARLES  F.  HUBER,  Viee-Chairman,  W.  J.  RICHARDS.  Vice-Chairman, 

EDWIN  LUDLOW,  Vu»-Chairman,  -        ARTHUR  H.  STORRS.  ViccChairfnan, 

CHARLES  ENZIAN,  decretory- rreoeurer,  U.  S.  Bureau  of  Mines,  Wilkes-Barre,  Pa. 

DOUGLAS  BUNTING,        FRANK  A.  HILL,  ALBERT  B.  JESSUP. 

RUFUS  J.  FOSTER.  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

SL  Louie 

ARTHUR  THACHER.  Chairman.  "R.  A.  BULL,  Vic^Chairman. 

WALTER  E.  MoCOURT,  ^eeretery-rreoeurer.  Washington  Univ.,  St.  Louis,  Mo. 
H.  A.  BUEHLER.  R.  R.  S.  PARSONS.  HERBERT  A.  WHEELER. 

Chicoffo 

ROBERT  W.  HUNT,  Chairman,  J.  A.  EDE,  Vice-Chairman. 

HENRY  W.  NICHOLS,  Seeretary^Treaeurer,  Field  Museum  of  Natural  History,  Chicago,  HI. 
F.  K.  COPELAND,  G.  M.  DAVIDSON. 

Utah 

R.  C.  QEMMELL,  Chairman,  C,  W.  WHITLEY,  Vu»-Chairman, 

ERNEST  GAYFORD,  Secretary- rreoeurer,  IftO  Pierpont  Ave.,  Salt  Lake  CSty,  Utah. 
WALTER  FITCH,  WILLIAM  WRAITH. 
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STANDING  COMMITTEES 
Executive 

WILLIAM  L.  SAUNDERS,  Chairman 


GEORQE  D.  BARRON, 
SIDNEY  J.  JENNINGS, 


JOSEPH  W.  RICHARDS, 
BENJAMIN  B.  THAYEIL 


Membership 

JOHN  H.  JANEWAY.  Chairman 
KARL  EILERS,  LOUIS  D.  HUNTOON, 

LEWIS  W.  FRANCIS,  ARTHUR  L.  WALKER. 

Finance 

GEORGE  D.  BARRON,  Chairman, 
ALBERT  R.  LBDOUX.  CHARLES  F.  RAND. 

Library 

E.  GYBBON  SPILSBURY,  Chairman.* 
KARL  EILERS*  ALEX  C.  HUMPHREYS.* 

JOHN  HAYS  HAMMOND.*  BRADLEY  STOUGHTON. 

Papers  and  Puhlicaiiane 

BRADLEY  STOUGHTON.  Chairman. 


SXBCnTIYB  COlfUXTTBB 


KARL  EILERS. 
JOSEPH  W.  RICHARDS. 


J.  L.  W.  BIRKINBINE. 
WHXIAM  H.  BLAUVELT 
H.  A.  BRASSERT, 
WILLIAM  CAMPBELL. 
R.  M.  CATLIN, 
ALLAN  J.  CLARK. 


WALTER  E.  HOPPER. 
HENRY  M.  HOWE, 
LOUIS  D.  HUNTOON, 
J.  E.  JOHNSON.  JR., 
LEE  O.  KELLOGG, 
WHXIAM  KELLY, 


ANTHONY  F.  LUCAS. 


FREDERICK  G.  COTTRELL.  JAMES  F.  KEMP. 
NATHANIEL  H.  EMMONS,      CHARLES  K.  LEITH. 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON 
F.  LYNWOOD  GARRISON, 
ROBERT  C.  GEMMELL, 


GEORGE  C.  STONE. 
SAMUEL  A.  TAYLOR. 

THOMAS  T.  READ. 

ROBERT  H.  RICHARDS, 

L.  D.  RICKETTS. 

HEINRICH  RIES. 

E.  F.  ROEBER, 

RENO  H.  SALES. 

ALBERT  8AUVEUR. 

HENRY  L.  SMYTH. 

A.  A.  STEVENSON 


EDWARD  P.  MATHEWSON,     RALPH  H.  SWEETSER, 


CHARLES  W.  GOODALE. 
HARRY  A.  GUESS, 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY, 
HEINRICH  O.  HOFMAN. 


HERBERT  A.  MEGRAW. 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD, 
R.  V.  NORRIS. 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS. 
ROSSITER  W.  RAYMOND, 


FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHELL, 
FREDERICK  W.  WOOD. 
DWIGHT  E.  WOODBRIDGE. 


COMMITTEE    ON    JUNIOR    MEMBERS    AND    AFFILIATED    STUDENT 

SOCIETIES 

HARRY  H.  STOEK,  Chairman. 

Viee^hairmen 

CHARLES  H.  FULTON,  FREDERICK  W.  SPERR. 

EDWIN  C.  HOLDEN,  GEORGE  J.  YOUNG, 

WALTER  R.  CRANE.  Secretary,  PennaylvaniA  State  CoUece.  State  CoUege,  Pa. 


LUTHER  W.  BAHNEY. 
DARSIE  C.  BARD, 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER, 
GUY  H.  COX. 
JOSEPH  DANIELS. 
NOAH  F.  DRAKE. 
FRANK  W.  DURKEE. 


HOWARD  ECKFELDT. 
DAVID  M.  FOLSOM. 
R.  R.  GOODRICH. 
CHARLES  E.  LOCKE. 

JAMES  F.  McClelland. 

HARRY  B.  MELLER. 
WALTER  S.  MORLEY, 
HENRY  S.  MUNROE, 


CHARLES  J.  NORWOOD. 
GEORGE  S.  RAYMER, 
HEINRICH  RIES, 
HENRY  L.  SMYTH, 
FRANCIS  A.  THOMSON. 
F.  W.  TRAPHAGBN, 
CLINTON  M.  YOUNG. 


»  UntU  Feb.,  1916.         *  Until  Feb..  1917.         •  Until  Feb.,  1918.         «  Until  Feb..  1919. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ,  Chairman, 
DAVID  H.  BROWNE,  Fir$t  Vice-chairman. 


Vice-chairmen 


LYNDON  K.  ARMSTRONG. 
EDWARD  H.  BENJAMIN. 
CHARLES  A.  BUCK, 
H.  W.  HARDINGE. 
DUNCAN  MACVICHIE. 


VAN  H.  MANNING, 
HENRY  W.  NICHOLS. 
ERSKINE  RAMSAY, 
SUMNER  S.  SMITH, 
WALTER  G.  SWART. 


EDWARD  L.  DUFOURCQ,  Becretary,  C  22  Produoe  Ezohange,  New  York,  N.  Y. 


HUNTINGTON  ADAMS, 
F.  L.  ANTISELL, 
FRANKLIN  BACHE, 
EDWIN  G.  BANKS. 
PERCY  G.  BECKETT, 
LOUIS  V.  BENDER. 
JAMES  G.  BERRYHILL, 
ALBERT  C.  BOYLE.  JR. 
D.  H.  BRADLEY.  JR. 
VICTOR  M.  BRASCHI, 
FREDERIC  K.  BRUNTON. 
LESTER  R,  BUDROW, 
MILTON  A.  CAINE, 
EDWIN  E.  CARPENTER. 
CHARLES  CATLETT. 
NOAH  F.  DRAKE, 
J.  A.  EDE, 

LOUIS  V.  EMANUEL. 
AUGUSTUS  H.  EUSTIS. 
WALTER  FITCH. 
WILLIAM  E.  FOHL, 
STEPHEN  L.  GOODALE. 
CARL  E.  GRUNSKY.  JR.. 


GEORGE  A.  GUESS. 
BENJAMIN  M.  HALL. 
RICHARD  S.  HASELTINE. 
PHILIP  W.  HENRY, 
FRANK  R.  HEWITT, 
JOSEPH  T.  HILLES, 
JOHN  HOATSON. 
ROY  J.  HOLDEN. 
TADASHIRO  INOUYE, 
YING-CHIEH  kUANG, 
CLANCY  M.  LEWIS, 
I.  P.  LIHME. 
JOHN  J.  LINCOLN, 
DOUGLAS  C.  LIVINGSTON. 
SPENCER  R.  LOGAN. 
BRUNO  V.  NORDBERG. 
HENRY  M.  PARKS. 
RICHARD  C.  PATTERSON,  JR. 
OLUF  G.  PETERSEN. 
FRANK  Db  G.  RATHBUN, 
AMBROSE  E.  RING. 
OSCAR  ROHN. 
WILLIAM  W.  ROSE. 


HAZEL  L.  SCAIFE. 
WILLIAM  J.  8HARW00D. 
a  F.  SHAW. 
JO  E.  SHERIDAN, 
ARTHUR  P.  SILLIMAN, 
JOHN  G.  SMYTH, 
RICHARD  B.  STANFORD 
LEWIS  STOCKETT. 
JOHN  M.  SULLY, 
ARTHUR  F.  TAGGART. 
CHARLES  H.  TAYLOR. 
BENJAMIN  F.  TILLSON, 
ARTHUR  L.  TUTTLE, 
CHUNG  YU  WANG, 
R.  C.  WARRINER, 
WALTER  HARVEY  WEED, 
WILLIAM  Y.  WESTERVELT 
HERBERT  A.  WHEELER, 
EDWIN  E.  WHITE, 
C.  W.  WHITLEY, 
HENRY  A.  J.  WILKENS. 
A.  EMORY  WISHON. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 


EUdrieUy  in  Mining 

WILUAM  KELLY. 
THOMAS  H.  LEGGETT. 
SAMUEL  A.  TAYLOR, 


Mine  Explosions 

H.  M.  CHANCE, 
FRANK  HAAS, 


Mine  Subsidence 

JAMES  F.  KEMP, 
R.  V.  NORRIS, 
CHARLES  K.  LEITH 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 


Copper:  F.  L.  ANTISELL, 
Lead:  HEINRICH  O.  HOFMAN, 
NicM:  DAVID  H.  BROWNE. 


Aluminum:  JOSEPH  W.  RICHARDS, 
Zinc:  GEORGE  C.  STONE. 


COMMITTEE  ON  ARRANGEMENTS,  SAN  FRANCISCO  MEETING,'  1916 


E.  H.  BENJAMIN, 
P.  W.  BRADLEY, 


C.  W.  MERRILL.  Chairman. 

G.  H  .CLEVENGER, 
ABBOT  A.  HANKS. 


H.  C.  HOOVER. 
W.  C.  RALSTON 
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NOMINATING  COMMITTEE 


FRED  W.  BRADLEY.  Chairman. 

LOUIS  S.  GATES,  JAMES  F.  KEMP,  FRANK  M.  SMITH, 

R.  C.  GEMMELL,  FRANK  A.  ROSS,  ARTHUR  THACHER. 

INSTITUTE  REPRESENTATIVES 
United  Engineering  Society  Trueteee 

CHARLES  F.  RAND.i  JOSEPH  STRUTHERS,i  BENJAMIN  B.  THAYERJ 

Library  Boards  United  Engineering  Society 

KARL  EILERS.*  ALEX.  C.  HUMPHREYS,*  BRADLEY  STOUGHTON. 

JOHN  HAYS  HAMMOND,!       E.  GYBBON  SPILSBURY.« 

John  Fritz  Medal  Board  of  Award 

JAMES  F.  KEMP.i  ALBERT  SAUVEUR.* 

CHARLES  F.  RAND,«  E.  GYBBON  SPILSBURY.* 

General  Conference  Committee  of  Engineering  Societiea 

BENJAMIN  B.  LAWRENCE,  J.  PARKE  CHANNING. 

Committee  of  Management,  International  Engineering  Congress^  1916 

NEWTON  CLEAVBLAND.  WILLIAM  S.  NOYES,  WILUAM  L.  SAUNDERS, 

ROBERT  E.  CRANSTON.  THOMAS  T.  READ.  BRADLEY  STOUGHTON. 

Reception  Committee,  International  Er^gineering  Congreee,  1915 

E.  E.  OLCOTT,  GEORGE  F.  KUNZ. 

American  Aseociation  for  the  Advancement  of  Science 

WALDEMAR  LINDGREN,  JOSEPH  B.  TYRRELL. 

Advieory  Board  of  the  National  Coneervation  Congreee 

HENRY  S.  DRINKER. 

Committee  on  Standarditation  of  Graphical  Methode 

JUDD  STEWART. 

Second  Pan-American  SdenHfic  Congreee 

HENNEN  JENNINGS.  W.  L.  SAUNDERS,  BRADLEY  STOUGHTON. 

Committee  on  National  Reserve  Corps  of  Engineers 
HENRY  S.  DRINKER,  ARTHUR  S.  DWIGHT,  WARREN  A.  WILBUR. 

Committee  on  Classification  of  Technical  Literature 
WILLIAM  P.  CUTTER. 


>  UntU  Feb.,  1916.        •  UntU  F«b.,  1017.        •  Until  F«b.,  1018.        *  Until  F«b.,  1010. 
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TECHNICAL  COMMITTEES 
Iron  and  Steel 

JOSEPH  W.  RICHARDS.  Chaimum. 

J.  E.  JOHNSON.  Jb..  Vie^Chaimum. 

ARTHUR  B.  CALLEN,  Secrtktrw,  453  Chestnut  St^  So.  Bethlehem,  Pa. 

SUB-COMMITIBBS 

IBONOBB 

DWIGHT  E.  WOODBRIDGE.  Chairman. 

ERNEST  F.  BURCHARD,  WILLIAM  KELLY,  CHARLES  F.  RAND.  ' 

FELIX  A.  VOGEL. 


WIUJAM  H.  BLAUYELT, 


BLAST  FUBNAOBB 

H.  A.  BRASSERT.  Chairman. 

AMBROSE  N.  DIEHL, 
RICHARD  V.  McKAY. 


JAMES  GAYLEY, 


GUnUAEM  AERTSEN. 
FRANK  D.  CARNEY. 


ROBERT  W.  HUNT, 


8TBBL  WOBKB 

HENRY  D.  HIBBARD.  Chairman. 

C.  F.  TT .  RYB. 

A.  A.  STEVENSON. 

MECHANICAL  TBBATMBNT 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preseDied  in  person  at  the 
San  Francisco  meeting,  September.  1915,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  im- 
poauble.  then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers, 
Z9  West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1915.  Any 
discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Important  Topping  Plants  of  California 

BY  ARTHUR   F.    L.   BELL,*    SAN   FRANCISCO,    CAL. 
(San  Francisco  Meeting,  September.  1915) 

Prior  to  1908  the  oil  production  in  the  State  of  California  had  been 
almost  entirely  a  heavy  fuel  oil,  with  a  high  flash  point,  but  changed 
within  a  short  period  to  a  large  percentage  of  refining  oil  with  a  low 
flash,  by  reason  of  the  coining  in  of  the  Santa  Maria  field,  the  Midway 
field,  and  the  increased  production  of  the  FuUerton  field. 

This  is  clearly  shown  in  the  following  tabulation  of  California's  pro- 
duction: 

Year  Barrels 


1908 48,307,000 

1910 77,698,000 

1912 90,075,000 

1914 103,600,000 


Below  20**  B4.  | 
Per  Cent.       I 

Above  20*'  B6, 
Per  Cent. 

90 

10 

80 

20 

69 

31 

47 

53 

The  bringing  in  of  these  high  percentages  of  light  oil  with  their 
dangerous  low  flash  and  the  increasing  demand  for  the  refined  products 
necessitated  the  devising  of  some  cheap  and  efl&cient  means  of  quickly 
separating  the  lighter  elements  either  in  the  field  or  at  the  main  dis- 
tributing points;  also  it  became  necessary  to  remove  the  excessive  per- 
centage of  water  which  many  of  the  light  oils  carried  in  emulsion. 

Union  Oil  Co. 

Port  Harford  Plant 

Probably  the  first  important  attempt  to  top  light  oil  in  California  by 
other  means  than  the  ordinary  stills  was  tried  about  1908  by  the  Union 
Oil  Co.,  at  its  plant  at  Port  Harford,  San  Luis  Obispo  County,  with  Santa 
Maria  oils.  The  process  was  the  invention  of  Hubert  G.  Burroughs 
who  afterwards  obtained  a  patent  for  the  process  No.  998837,  dated  July 


*  Chief  Engineer,  Associated  Oil  Company. 
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25,  1911.  This  consisted  of  a  series  of  12-in.  pipes  mounted  in  units  of 
three  pipes,  one  above  the  other,  the  crude  oil  being  admitted  to 
the  upper  pipe  and  filling  the  pipe  about  two-thirds  of  its  diameter  at 
which  point  it  overflowed  to  the  next  12-in.  pipe  below  and  in  the  same 
manner  the  oil  again  flowed  to  the  third  pipe  below.  Super-heated  steam 
was  the  heating  agent,  which  passed  through  endless  coils  in  the  lower 
half  of  the  12-in  pipes.  The  oil  was  heated  to  about  200®  F.  in  the  upper 
pipe  and  reached  a  final  heat  of  about  325°  F.  in  the  bottom  pipe.  The 
vapors  generated  passed  -oflf  through  the  vapor  line  to  the  condenser. 

The  gravity  of  the  Santa  Maria  crude,  when  the  plant  started,  ran 
from  23  to  24  B6,  and  averaged  only  from  2  to  3  per  cent,  water,  but 
since  then  the  average  percentage  of  water  has  increased  to  25  to  30 
per  cent. 

This  plant  was  operated  for  two  or  three  years  but  the  system  de- 
veloped several  objectionable  features.  It  was  not  economical,  and  by 
reason  of  the  increase  in  water  contents,  the  capacity  was  limited  and 
was  therefore  abandoned. 

Avila  Plant 

A  new  plant  was  designed  and  erected  under  the  supervision  of 
E.  I.  Dyer,  Engineer  in  Chief  of  the  Union  Oil  Co.  This  plant,  of  which 
A.  Roy  Heise  is  superintendent,  is  at  Avila,  near  Port  Harford,  San 
Luis  Obispo  County,  about  40  miles  from  the  Santa  Maria  field,  the  oil 
being  delivered  to  the  pRtnt  from  the  field  by  two  pipe  lines;  one  6  in. 
and  the  other  8  in.  This  plant,  although  erected  several  years  ago,  is 
still  one  of  the  best  designed  topping  plants  on  the  Coast.  It  is  topping 
oils  in  some  cases  carrying  as  high  as  20  per  cent,  water  at  the  same 
cost  for  fuel  and  labor  as  some  other  plants  topping  oils  carrying  only 
2  or  3  per  cent,  water. 

The  plant  has  a  capacity  of  about  10,000  bbl.  per  day  of  clean  oil  or, 
as  the  oil  is  now  running,  8,000  bbl.  of  net  oil  carrying  about  20  per 
cent,  water.  The  oil  coming  from  the  field  carries  as  high  as  30  per 
cent,  of  water,  but  a  portion  of  it  is  directly  treated  in  an  electric  ap- 
paratus, manufactured  by  the  Petroleum  Rectifying  Co.  of  California, 
the  oil  thus  treated  being  brought  down  to  about  5  per  cent.,  which 
when  mixed  with  the  rest  of  the  oil  coming  from  the  field,  gives  an  average 
of  about  20  per  cent,  of  water  in  the  oil  handled  by  the  topping  plant. 

The  heat  used  in  topping  is  steam  of  150  lb.  pressure  generated  by 
a  battery  of  five  300-h.p.  Stirling  boilers  in  a  separate  boiler  house. 

There  are  12  cylindrical  stills  mounted  in  a  steel-frame  construc- 
tion in  a  separate  building,  the  stills  being  mounted  in  a  double  row  of  six 
each,  one  row  above  the  other.  Those  in  the  upper  set  are  known  as 
the  low-pressure  stills,  those  in  the  lower  as  the  high-pressure  stills. 
Live  steam  is  admitted  to  the  lower  row  only.  (Fig.  1.) 
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Each  still  is  about  6  ft,  in  diameter  and  20  ft.  long  and  has  mounted 
on  its  front  end,  a  steam  chest,  having  three  separate  vertical  compart- 
menta,  the  live  steam  being  admitted  to  one  compartment  and  passing 
to  the  next  compartment  through  a  series  of  1-in.  continuous  pipes  which 
travel  from  the  initial  side  of  the  steam  cheat,  the  full  length  of  the  still 
and  return  to  the  next  compartment  of  the  steam  chest,  and  in  the  same 
manner  to  the  third  compartment,  bo  that  there  is  no  connection  of  live 
steam  between  any  of  the  compartments  of  the  steam  chest  except 
through  the  heating  coils.  The  condensed  water  is  trapped  out  of  each 
compartment  so  that  the  minimum  quantity  of  condensed  water  travels 
through  the  coils. 


Fig.  2.— General  View  of  the  Avila  Plant. 

As  the  steam  is  condensed,  it  drains  to  traps  and  is  returned  to  the 
boilers  at  280"  F.  No  live  steam  isadmitted  to  the  upper  tier,  or  low-pres- 
sure stills,  the  heating  agent  being  the  evaporated  vapors  from  the  bottom 
still  which  rise  and  enter  the  steam  chest  of  the  upperstill  and  pass  through 
in  the  same  manner  as  the  live  steam  entered  the  lower  still.  The  vapor 
pressure  in  both  the  lower  still  and  inside  the  coils  of  the  upper  still  ranges 
from  40  to  50  lb.,  the  pressure  being  maintained  at  a  point  where  the  radia- 
tion of  the  latent  heat  through  the  coils  to  the  liquid  in  the  upper  still  is 
equalized  by  the  heat  vapors  rising  from  the  lower  still.  As  about  half  of 
the  vapor  is  steam,  the  temperature  corresponds  closely  to  that  of  satu- 
rated steam  of  the  same  pressure.  No  vapor  leaves  the  coils  of  the  upper 
still;  nothing  but  the  condensed  liquids  are  trapped  off,  which  go  to  the 
same  condenser  as  the  vapors  from  the  low-pressure  still.  By  this  means 
every  degree  of  latent  heat  in  both  the  oil  and  water  vapors  rising  from 
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the  high-pressure  still  is  absorbed  by  the  oil  $ind  water  evaporated  from 
the  low-pressure  still,  thereby  eflfecting  a  saving  of  about  50  per  cent,  of 
the  fuel  necessary  to  top  the  oil  in  ordinary  stills.  The  vapors  from  each 
low-pressure  still  flow  into  the  condenser  belonging  to  that  battery,  which 
is  mounted  on  the  top  of  a  steel  construction  outside  of  the  steam-still 
house. 

There  are  six  separate  condensers,  each  connecting  to  a  battery  of  a 
high-  and  a  low-pressure  still.  The  general  design  of  the  condensers  is 
rectangular  with  a  vapor  chest  at  the  rear  end  of  the  same  general  design 
as  that  of  the  stills,  except  that  the  dividing  partition  in  the  chest 
is  horizontal.  The  vapors  are  admitted  to  the  upper  portion  of  the  chest 
and  pass  through  a  series  of  2-in.  return  pipes,  surrounded  by  the  con- 
densing water,  and  return  to  the  lower  portion  of  the  chest,  from  there 
draining  to  the  proper  storage  tanks. 

Mounted  below  each  condenser  are  two  heat  exchangers  set  one 
above  the  other.  These  heat  exchangers  are  similar  in  construction  to 
the  condenser  except  that  they  have  1-in.  return  pipes,  and  have  two  verti- 
cal dividing  partitions  in  each  chest;  also  heated  residuum  surrounds  the 
pipes  instead  of  water.  The  heated  residuum  from  the  high-pressure 
still  passes  into  one  end  of  the  body  of  the  upper  exchanger  and  travels 
backward  and  forward  four  times,  guided  by  interior  partitions.  It  then 
passes  into  the  end  of  the  body  of  the  lower  exchanger,  again  traveling 
backward  and  forward  four  times  before  passing  out  as  finished  residuum 
to  storage.    In  all  condensers  and  exchangers,  the  liquids  counterflow. 

The  crude  oil  in  taking  up  the  heat  in  the  exchangers  comes  into  one 
side  of  the  chest  of  the  lower  exchanger,  passes  backward  and  forward 
twice  through  a  series  of  1-in.  return  pipes  and  then  is  discharged  from 
the  opposite  side  of  the  chest  to  the  upper  exchanger.  It  passes  through 
two  series  of  return  pipes  in  the  upper  exchanger,  leaving  the  chest 
on  the  opposite  side  from  where  it  entered.  It  flows  to  the  low-pressure 
still,  and  after  giving  off  a  proportion  of  its  vapors  of  oil  and  water,  is 
pumped  to  the  high-pressure  still  where  all  of  the  remaining  water  and 
distillates  are  taken  off.    The  residuum  oil  passes  to  the  exchangers. 

When  I  examined  these  stills,  the  pressure  of  the  vapors  rising  from 
the  low-pressure  stills  was  3.6  lb.  with  a  temperature  of  183®F.  In  the 
high-pressure  stills,  and  inside  the  coils  of  the  low-pressure  stills,  the  vapor 
pressure  was  48.3  lb.  with  a  temperature  of  279°  F. 

This  is  a  most  economical  system,  since  the  only  steam  admitted 
to  the  plant  is  through  the  high-pressure  stills;  all  of  the  work  done  in 
the  low-pressure  stills  is  therefore  an  absolute  saving. 

The  plant  is  running  on  what  is  known  as  double  effect,  but  at  times 
has  been  run  on  triple  effect,  that  is,  live  steam  was  introduced  into  the 
first  still  only  aAd  the  heated  vapor  from  the  first  still  under  pressure  was 
admitted  to  the  coils  of  the  second  still,  and  the  heated  vapor  from  the 
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second  still,  necessarily  under  a  less  pressure,  was  admitted  to  the  coils 
of  the  third  still,  the  crude  oil  flowing  first  to  the  low-pressure,  then  to  the 
intermediate,  and  finally  to  the  high-pressure  still. 

Distillation  by  Dovble  Effect 


Evaporation  from  low-pressure  still 

Evaporation  from  high-pressure  still 

Evaporation,  Interchanger  and  Unaccounted. 


Water, 
Per  Cent. 

Distillate, 
Per  Cent. 

56.95 

34.45 

42.05 

64.15 

1.00 

1.40 

100.00  100.00 


This  method,  as  would  be  expected,  showed  a  greater  saving  than  the 
double  effect,  but  reduced  the  quantity  of  crude  that  could  be  put 
through  in  a  given  time: 

Distillation  by  Triple  Effect 

Water,  Distillate, 

Per  Cent.  Per  Cent. 

Evaporation  from  low-pressure  still 55.80  37.42 

Evaporation  from  intermediate  still 29.75  31.36 

Evaporation  from  high-pressure  still 13.42  29.74 

Evaporation  from  interchanger  and  unac- 
counted. 1.03  1.48 


100.00  100.00 

From  the  above  figures,  it  will  be  seen  that  with  the  double-effect 
arrangement  about  50  per  cent,  of  the  fuel  is  saved,  and  for  triple  effect 
about  75  per  cent.,  over  a  single  system  of  evaporation. 

For  a  given  period,  the  average  temperature  of  the  crude  entering  the 
heat  exchangers  was  61.67°  F.;  leaving  the  heat  exchangers  before 
entering  the  low-pressure  stills,  the  temperature  was  141.45°  F.,  showing 
a  saving  by  rise  in  temperature  due  to  exchangers  of  79.78°  F. 

The  economy  of  the  plant  is  shown  by  the  following: 

Duty  Records  per  Barrel  of  Dry  Fuel  Oil  Used  for  the  Last  Three  Months  of 

1914 

Barrels  of  crude  oil  treated 63.35 

Barrels  of  water  actually  removed  from  crude 10.67 

Barrels  of  residuum  produced 42.34 

•  Barrels  of  distillate  produced 8.54 

Barrels  of  residuum  pumped  from  plant 43.80 

Barrels  of  distillate  pumped  from  plant 9.52 

Barrels  of  circulating  water  pumped 156.46 

Barrels  of  miscellaneous  oil  pumped 9,08 

Kilowatt  hours — lighting,  power,  etc 2.53 
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Thermal  Duty  of  1  bbl  of  Dry  Fuel  Oil 

B.t.u. 

Evaporating  water  from  crude 4,135,984 

Evaporating  distillate  from  crude 425,128 

Kilowatt  hours — ^lighting  and  power 35,940 

Total  useful  duty 4,697,052 

The  average  percentage  of  water  in  the  crude  was  18.71  per  cent. 
A  record  test  run  on ''Double  Effect"  showed  the  following  results: 

Per  Cent. 

Fuel  consumed  per  net  barrel  of:  • 

Crude  treated 1 .  75 

Residuum  manufactured 2 .51 

Distillate  manufactured 11 .  70 

Water  evaporated 11 .  58 

Both  water  and  dist.  evaporated 5 .82  • 

Water  in  the  crude  oil 15 .38 

This  system  is  ideal  for  Santa  Maria  oils  and  entirely  eliminates  the 
coking  which  takes  place  when  direct  heating  is  used  under  ordinary  stills 
or  retorts.  The  water  carried  by  the  oil  is  as  salty  as  sea  water  and  when 
evaporated  throws  down  salt  crystals  in  the  stills.  In  the  case  of  fire- 
heated  stills,  this  salt  mingles  with  the  coke  and  forms  a  hard  incrustation, 
which  necessitates  closing  down  frequently  and  chipping  out  the  coke; 
whereas  with  this  form  of  still,  when  salt  crystals  are  formed,  the  operators 
employ  the  unique  method  of  shutting  down  the  stills  about  once  a  week, 
emptying  the  stills  of  oil  and  filling  with  hot  water,  thus  dissolving  the  salt 
and  passing  it  off  by  pumping  a  continuous  stream  of  heated  water  through 
the  stills.  Two  patents  on  this  system  have  been  applied  for  by  Mr. 
Dyer  and  are  now  pending  in  the  patent  office. 

« 

Brea  Refinery 

The  Union  Oil  Co.  has  two  other  topping  plants  located  in  the  Fuller- 
ton  field.  The  most  important  is  the  Brea  refinery.  The  first  portion  of 
this  plant  was  completed  in  August,  1911,  to  handle  the  light  oils  from  the 
Birch  well,  which  came  in  with  a  very  gassy  oil  flowing  about  2,400  bbl.  per 
.day.  It  consisted  of  eight  old  40-h.p.  drilling  boilers,  with  half  the  tubes 
removed;  these  boilers  were  set  in  two  rows  of  four  facing  each  other  with 
an  alley  between,  the  oil  being  run  through  each  battery  of  four  boilers 
continuously.  The  plant  when  first  started  treated  successfully  about 
100,000  bbl.  per  month  of  clean  dry  bil  carrying  not  more  than  0.5  per 
cent,  of  water,  removing  22  per  cent,  of  53°  tops.  However,  it  has  since 
developed  that  this  plant  is  not  adapted  to  handling  wet  oils  and  will 
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CRUDE  PROM  HEAT  EXCHANGCR 
RESIDUUM  TO  HEAT   EXCHANGER 


CRUDE  FROM  TeXCHANGER 


Fia.  3. — ToppiHo  Plant  at  Brba  Rkfinbrt,  Union  Oil  Go. 
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not  work  economicaUy  with  oils  carrying  more  than  2  per  cent,  water. 
It  is  therefore  kept  running  on  the  cleaner  oils. 


Fio.  4. — Front  Vibw  op  Brea  Toppinq  PtAur. 

The  next  step  in  increasing  the  capacity  of  the  plant  was  the  building 
of  an  additional  topping  plant  in  March,  1913.    This  consisted  of  two 


Fio.  fi. — RiAB  View,  Separators  in  Backorodno. 

batteries  of  retorts,  each  battery  being  divided  into  two  separate  divisions, 
each  diviaioQ  having  four  furnaces  and  each  furnace  carrying  a  double  row, 
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9  pipes  high,  of  3-in.  return  pipes,  20  ft.  long.  Eachdivision  of  the  battery 
is  independently  fed  with  crude  oil.  The  oil  admitted  to  the  bottom  pipe 
of  the  furnace  travek  up  through  the  nine  coils,  coming  out  the  top  and 
returning  to  the  bottom  pipe  of  the  next  furnace,  again  leaving  the  upper 
pipe  and  so  on  through  the  four  furnaces.  The  heated  oil  from  each  side 
of  the  battery  flows  by  independent  pipes  to  one  of  the  separators.  This 
makes  each  8-f  urnace  battery  and  one  separator  a  single  unit. 

The  vapors  are  then  led  from  the  separating  chambers  to  the  condens- 
ers and  on  to  the  storage  tanks. 

The  residuum  is  taken  from  the  bottom  of  the  separators,  passed 
through  the  heat  exchangers  and  on  to  the  residuum  storage. 


Fio.  6, — REABaANaED  Furnace  for  Oil  Bdrnikg. 

The  coils  in  the  furnace  are  heated  by  gas  fed  through  perforated  pipes 
running  the  full  length  of  the  furnace.  It  was  found  that  this  form  of 
furnace  is  not  well  adapted  to  oil  firing.  A  change  was,  therefore,  made  in 
one  of  the  batteries,  the  coils  being  mounted  horizontally  in  a  brick 
furnace,  allowing  plenty  of  combustion  room  below.  This  furnace  is  work- 
ing very  satisfactorily  and  it  is  likely  that  the  other  half  of  the  battery 
will  have  the  coils  changed  from  vertical  to  horizontal  position  so  as  to 
be  adapted  to  oil  firing.     (Fig.  6.) 
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The  total  capacity  of  the  two  batteries  of  retorts  with  gas  fires  was  60,- 
000  bbl.  per  month  of  21  to  22°  B6.  oil,  carrying  6  per  cent.  B.  S.  &  M., 
from  which  was  topped  about  10  per  cent,  of  51  gravity  distillate,  giving  a 
residuum  of  18°  B^.  and  from  160  to  180  flash.  With  the  change  in  con- 
struction and  the  use  of  oil  firing,  it  is  believed  the  capacity  will  be 
doubled. 

The  hot  oil  at  the  outlet  end  of  the  retort  is  choked  down  to  a  pressure 
of  40  lb.,  but  flows  into  the  separator  at  practically  atmospheric  pres- 
sure. This  choking  of  the  oil  gives  a  back  pressure  at  the  inlet  end,  due 
to  friction  in  the  retort,  of  80  lb. 

The  crude  oil  leaves  the  heat  exchanger  and  enters  the  first  coil  of  the 
retort  at  180°  F.;  it  leaves  the  coils  and  enters  the  separators  at  about 
450^  F. 

This  refinery  not  only  tops  oil  but  turns  out  finished  gasoline,  but  as 
the  purpose  of  this  paper  is  to  describe  topping  plants  only,  no  descrip- 
tion will  be  jpyer^  of  the  other  details  of  the  plant. 

"  t 

■  '  '■ 
'      '    '      Naranjal  Topping  Plant 

The  Naranjal  reduction  or  topping  plant  of  the  Union  Oil  Co.,  is  in 
section  7,  T,  3  S.,  R.  9  W.,  in  the  Fullerton  field.  This  is  the  smallest 
of  the  three  Union  topping  plants,  having  a  maximum  capacity  of  2,200 
bbl.  per  day.  The  oils  treated  are  16°  to  18°  B6.  and  tops  recovered  56° 
B6.  The  plant  has  been  built  about  4  years  and  is  known  as  a  Brown- 
Pickering  topping  plant,  it  having  been  designed  by  A.  H.  Brown,  the 
Superintendent,     (Figs.  7,  8,  0.) 

The  plant  consists  of  two  independent  units,  each  unit  having  a 
rectangular  still  about  4  by  4  by  20  ft.  with  cover  bolted  on  and  bottom 
of  stiU  fitted  with  cross  baffles.  The  still  is  set,  with  a  fall  of  about  6  in., 
over  a  brick  furnace  in  which  are  placed  13  3-in.  retort  pipes,  having 
return  bends  so  as  to  make  a  continuous  coil.  The  hot  gases  from  the 
still  furnace  pass  through  an  underground  flue  to  a  40-h.p.  drilling  boiler, 
bricked  up  in  tjie  ordinary  manner,  these  gases  passing  first  under  th^ 
boiler  then  through  the  tubes  and  out  of  the  stack.  •  In  addition,  the 
ordinary  field  type  of  a  heat  exchanger  is  used,  made  of  a  small  pipe 
inside  of  a  large  one;  for  cooling  the  vapors,  a  series  of  wooden  condenser 
box-es  with  pipe  coils  inside  are  provided. 

In  operating  the  plant,  the  crude  oil  is  pumpexl  through  the  inner  pipe 
of  the  heat  exchanger,  the  hot  residuum  flowing  between  the  two  pipes. 
The  partially  heated  crude'  oil  passes  through  the  boiler,  heated  by 
waste  gases,  and  from  there  through  the  pojl  retort  in  the  furnace  under 
the  rectangular  still,  then  into  the  high  end  of  the  still,  where  it  is  released 
and  allowed  to  flow  back  and  forth  guided  by  the  baffles  until  it  reaches    « 
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the  lower  end  of  the  still,  from  which  it  flows  by  pipe  through  the  heat  ex- 
changer to  the  residuum  storage.    Ae  the  oil  flows  through  the  still, 


Fia.  7. — Side  Vibw  or  the  Naranjal  Plaijt,  Showing  Boilsks  and  Snixs. 


Fio.  8. — Stillb. 


which  is  heated  by  fire  on  its  under  side,  the  vapors  pass  off  to  a  separating 
chamber,  where  the  heavier  vapors  condense  and  are  drawn  off,  and  the 
lighter  vapors  pass  to  the  condensers. 
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Each  unit  is  a  duplicate  of  the  other,  but  is  run  entirely  separate  up 
to  where  the  vapors  enter  the  separating  chamber;  from  there  on  the 
mixed  vapors  pass  to  the  condensers.  This  system  carries  the  notice 
"Patent  applied  for." 

A  number  of  these  Brown-Pickering  plants  have  been  constructed  in 
the  oil  fields  and  have  given  fair  results  with  clean  oil.  They  are  not  well 
adapted  for  wet  oil,  for  as  soon  as  they  are  worked  to  capacity  with  wet  oil 
foam  appears,  which  discolors  the  distillate,  and  the  construction  of  the 
still  does  not  admit  of  putting  any  pressure  on  it  to  hold  down  the 
foam. 

Standard  Oil  Company 

On  the  Murphy,  Coyote  Hills,  property,  Fullerton  field,  since  bought 
by  the  Standard  Oil  Co.,  is  one  of  the  Brown-Pickering  topping  plants, 
consisting  of  four  rectangular  stills  about  4  by  4  by  10  ft.,  each  set  with  a 
gradual  fall  so  that  the  oil  admitted  into  the  upper  end  of  the  first  still 
flows  down  to  its  lower  end  and  out  into  the  upper  end  of  the  next  still, 
which  is  set  beside  it  and  so  on  until  the  oil  had  flowed  by  gravity  through 
the  four  stills. 

At  the  rear  end  of  the  four  stills  is  erected  one  40-h.p.  boiler  so  con- 
structed that  the  hot  gases  from  the  four  still  furnaces  pass  under  the 
boiler  and  through  the  tubes  and  out  of  the  boiler  stack.  The  vapors 
from  the  first  two  stills  were  run  together  and  kept  separate  from  the 
vapors  coming  ofif  the  third  and  fourth  stills  which  were  also  run  together. 
The  vapors  were  then  each  run  through  separate  pipe  heat  exchangers, 
the  vapors  in  the  inside  pipe  and  the  crude  between  the  inner  and  outer 
pipes. 

The  continuation  of  the  inside  vapor  pipe  was  then  returned  toward  the 
plant  and  surrounded  by  an  outer  pipe  this  time  filled  with  water, 'this 
forming  the  condenser  for  the  vapors.  The  condensed  vapors  were  then 
run  to  storage  tanks. 

In  operating,  the  oil  was  first  pumped  through  the  outside  of  the  vapor 
heat  exchanger,  then  through  a  residuum  heat  exchanger,  then  to  the  boiler 
and  from  there  to  the  upper  end  of  the  first  still,  then  out  of  the  lower  end 
of  the  last  still  to  residuum  storage. 

This  plant  had  a  capacity  of  about  1,200  bbl.  per  day  of  clean  oil  and 
600  to  650  bbl.  of  wet  oil  carrying  25  per  cent,  water.  If  this  latter  capac- 
ity was  exceeded,  foaming  took  place. 

With  the  crude  oil  entering  the  vapor  heat  exchanger  at  about  60°  F., 
it  entered  the  boiler  heater  at  80°,  and  left  the  boiler  to  enter  the  first  still 
at  90°  F. 

The  temperature  of  the  oil  on  leaving  the  four  stills  ran  175  °  F.,  200°  F., 
220°  F.,  and  240°  F.,  respectively.     The  fuel  consumed  was  gas. 

After  the  Standard  Oil  Co.  purchased  the  property,  the  plant  was  used 
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as  a  dehydrator,  but  was  found  so  expensive  that  a  &-treator  electric  plant 
of  the  Petroleum  Rectifying  Co.  was  installed,  which  cleans  the  oil  more 
satisfactorily  and  at  a  much  less  cost. 

Rice  Ranch  Oil  Company 

Another  Brown-Pickering  plant  of  the  same  type,  but  of  a  single  unit, 
has  been  erected  by  the  Rice  Ranch  Oil  Co.  in  the  Santa  Maria  field, 
Santa  Barbara  County.  This  plant  is  used  mostly  as  a  dehydrating  plant 
but  has  also  been  used  for  topping.  It  was  erected  about  1911  and  has 
worked  very  satisfactorily.  Its  capacity  is  claimed  to  be  about  650  bbl. 
of  crude  carrying  3  per  cent,  water,  but  it  also  handles,  at  a  reduced 
capacity,  oil  carrying  as  high  as  30  per  cent,  water.  The  course  of  the 
oil  through  the  plant  ia  the  same  as  in  the  other  Brown-Pickering 
plants. 

,■         American  Oil  Fielob  Compant  of  California 

:■'  Another  important  topping  plant  is  that  erected  by  the  American 
bilfields  Co.,  of  California,  about  1910,  on  section  36-31-22,  in  the  Midway 


Fio.  10. — Fiuun' OF  American  Oil  Fields  Co,,  Showino  Front  op  Rbtohts. 

field.  This  plant  has  an  economical  capacity  of  from  18,000  to  20,000 
bbl.  of  crude  per  day.  It  is  arranged  with  three  batteries,  each  battery 
consisting  of  eight  independent  retorts,  making  24  retorts  used  on  crude 
oil.     Each  battery  delivers  its  heated  oil  to  a  single  separator,  where  the 
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vapors, are  separated,  the  vapors  being  led  to  a  commoii  header  which  dis- 
tributes them  to  a  series  of  independent  condensers.    (Figa.   10,  11, 12.) 


Fia.  12.^3orn>BNSEB8  op  Ahbrican  Oil  Fields  Plant. 

This  plant  is  well  constructed  and  economically  run  and  the  company 
is  to  be  complimented  for  its  neat  appearance. 
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All  the  condensing  water  is  saved  and  run  back  through  four  independ- 
ent cooling  towers,  which  have  a  remarkable  efficiency,  since  the  circu- 
lating water  after  passing  through  these  towers  is  cooled  far  below  the 
temperature  of  the  atmosphere.  When  I  took  observations,  the  water 
entered  the  towers  at  140°  F.  and  was  taken  out  of  the  bottom  at  65°  F. 
with  the  surrounding  temperature  99°  F. 

The  plant  is  not  only  well  adapted  to  topping  clean  crude,  but  is 
often  called  on  to  handle  oils  carrying  as  high  as  25  and  30  per  cent,  water. 

The  fuel  used  at  the  refinery  is  natural  gas. 

Plant  of  Santa  Fe  Railroad  Co.,  Fellows 

The  first  really  successful  Trumbull  plant,  and  the  one  th^t  first 
attracted  attention  was  erected  at  Fellows,  Kern  County,  for  the  Santa  Fe 
R.  R.  Co.,  to  top  its  light  oils  so  as  to  make  safe  fuel,  for  locomotives. 
This  plant  consisted  of  two  units  of  six  12J^  in.  by  20  ft.  retorts,  both 
units  discharging  into  the  one  Vapor  separator. 

The  records  of  this  plant  for  January,  1912,  showed  for  31  days'  opera- 
tion, with  one  of  the  units  ofif  for  5  days: 

Barrels . 

Crude  delivered  to  the  plant 120,760.67  21°  B^. 

Tops  taken  off 14,772  12.25  per  cent. 

Gasoline  recovered. 36.60  0.03  per  cent. 

Fuel  consumed 1,575  1.34  per  cent. 

The  Santa  Fe  R.  R.  Co.  has  since  contracted  its  light  oils  to  the  Gen- 
eral Petroleum  Co.  and  has,  therefore,  closed  down  this  plant. 

Pacific  Crude  Oil  Co.,  Midway  Field 

The  Pacific  Crude  Oil  Co.  built  a  small  Trumbull  plant  on  its  prop- 
erty near  Fellows  for  the  purpose  of  topping  oil  in  the  field.  Subsequently 
the  company  contracted  its  oil,  so  the  plant  was  never  started  up.  A  good 
example  of  a  small  Trumbull  topping  plant  is  illustrated  iii  Figs.  13  and  14. 

General  Petroleum  Co.,  Vernon 

The  General  Petroleum  Co.,  in  1912,  completed  an  8-in.  line  from  the 
Midway  oil  fields,  Kern  County,  to  San  Pedro,  Los  Angeles  County,  and 
as  the  oils  transported  were  too  light  and  valuable  for  fuel  purposes,  it  was 
necessary  that  a  topping  plant  be  erected  at  or  near  the  terminal.  The 
company  adopted  the  Trumbull  system  of  topping  and  erected  a  plant  of 
15,000  bbl.  daily  capacity  (Figs.  16  to  19a)  at  the  town  of  Vernon,  in  the 
outskirts  of  Los  Angeles.  All  incoming  oil  is  topped  here  and  the  resid- 
uum pumped  to  San  Pedro.  However,  while  this  plant  has  a  rated 
capacity  of  15,000  bbl.  daily,  it  has  since  been  determined  that  the  most 
economical  capacity  of  the  plant  is  about  12,000  bbl. 
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The  General  Petroleum  Co.,  in  adopting  the  Trumbull  ayatem,  pur- 
chased a  half  interest  in  the  Trumbull  patents  which  to  date  are  as 
follows:  No.   996736,   patented   July   5,   1911;   No.  1002474,  patented 


Fig.  U. — TnuMBPLL  Topping  Plant  of  Pacific  Crude  Oil  Co. 
Sept.    5,    1911;  No.    1070301,    patented   Aug.    12,    1913;  also   patents 
secured  in  72  foreign  countries.  , 


Fio.  IS.^Pbont  View  op  Tkumbuu,  Plant  op  General  Prtholp:um  Co. 

The  special  features  claiiiiod  for  the  Trumbull  process  are: 

The  saving  of  heat  in  the  evaporating  chamber  by  means  of  conical 
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The  Vernon  plant  was  completed  in  1912,  at  a  cost  of  about  $80,000 
and  has  been  in  continuous  successful  operation  since  that  time.  The 
plant  consists  of  two  independent  batteries,  each  battery  having  two  re- 
torts dischai^ng  into  a  single  evaporating  chamber.*  Each  battery  has 
two  separator  boxes,  where  the  condensed  distillates  are  re-run  into 
finished  products;  also  three  heat  exchangers  about  4  ft.  in  diameter 
with  l&-ft.  tubes;  two  first-run  vapor  condensers  of  approximately  the 
same  size;  and  four  re-run  vapor  condensers  30  in.  in  diameter  with  18-ft. 
tubes. 

In  addition  to  the  condensers,  there  are  water-jacketed  coolers  con- 
sisting of  one  or  two  small  pipes  laid  within  a  larger  pipe  for  the  purpose  of 
further  cooling  the  distillates  before  going  to  the  storage  tank. 

In  this  plant,  tubular  condensers  and  water-jacketed  pipe  coolers  have 


Fia.  18. — Vapor  Condensebs  and  Pipe  Jacketed  Coolers. 

been  used  in  every  case  instead  of  the  ordinary  condensers  generally  used 
about  a  refinery. 

Since  the  plant  was  built,  it  has  been  found  advisable  to  make  several 
changes  and  additions;  one  important  change  being  in  the  retorts.  The 
original  retort  consisted  of  six  12)^-in.  pipes  about  20  ft.  long  connected 
ti^etber  at  their  ends  with  4-in.  pipe  returns.  Vent  pipes  were  inserted 
at  one  end  of  each  retort  to  lead  off  gases  which,  if  trapped  in  the  large 

*  This  chamber  is  called  a  "eepsrator"  od  all  the  plants  described  except  im 
connection  with  the  Trumbull  plants  where  it  is  called  an  evaporating  chamber. 
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pipes,  would  cause  unequal  heating  and  sagging  of  the  retorts.  It  was 
found  that  there  was  not  heating  surface  enough,  the  escaping  gases  in  the 
stack  running  as  high  as  1,200°  F.  Additional  4-in.  retort  pipes  were, 
therefore,  placed  above  the  123^^-in.  pipes,  thereby  increasing  the  hetaing 
surface  about  50  per  cent.,  the  result  being  that  the  temperature  of  the 
escaping  gases  was  reduced  to  about  650°  F.     (Fig.  17.) 

The  company  has  lately  torn  down  one  of  the  retorts  and  rebuilt  it 
entirely  of  4-in.  pipe.     This  change  has  resulted  in  a  marked  improvement. 

Another  important  feature  added  to  the  original  construction  is  a 
large  rectangular  dephlegmater  and  re-evaporator  erected  at  each  unit 
through  which  all  the  first-run  vapors  pass.  This  dephlegmater,  it  is 
claimed,  has  improved  the  quality  of  the  products  by  removing  the 
heavier  distillates  which  originally  discolored  them. 

The  oils  handled  average  20°  to  21°  B6.;  the  residuum  manufactured, 
16°  to  17°  B6.;  the  tops  manufactured,  No.  1  of  both  55°  and  58°  B6.,  No. 
2  of  45°  B6.  and  still  bottoms  of  35°  to  37°  B^. 

Special  cuts  of  various  gravities  are  also  turned  out  to  order. 
Temperatures  Maintained  at  Plant  and  Percentages  of 

Oil  and  Water 

Crude  run  to  heat  exchangers 80®  F. 

Heat  exchangers  to  retorts 264"  F. 

Out  of  retorts 446®  F. 

Residuum  to  storage 190®  F. 

Water  in  oil,  per  cent 0.5 

Fuel  consumed,  per  cent 1.6 

The  last  item  does  not  include  oil  consumed  in  pumping  about  the  refinery, 
this  being  done  from  the  main  pipe-line  pumping  station,  and  by  auxilian* 
electric  pumps.  The  above,  however,  includes  pumping  of  circulating 
water  through  the  cooling  towers. 

The  course  of  the  oil  through  a  single  battery  of  the  Trumbull  plant 
at  Vernon  is  as  follows : 

The  crude,  previously  heated  by  passing  through  heat  exchangers 
/  and  H  (Fig.  19),  is  forced  through  the  retort  pipes.  From  there,  it 
passes  upward  by  a  single  pipe  to  the  top  of  the  evaporator  A,  and  is 
sprayed  over  a  conical  spreader  which  directs  the  fluid  against  the  inner 
surface  of  the  shell.  In  its  downward  course,  this  heated  crude  comes  in 
contact  with  additional  conical  spreaders,  continuously  forcing  it  against 
the  heated  shell.  The  vapors  separate  from  the  hot  crude  in  the  evaporat- 
ing chamber  and  enter  a  vertical  pipe  which  is  perforated  directly  under 
the  apex  of  each  conical  spreader.  This  pipe  delivers  the  vapors  into 
three  outlets  which  again  terminate  on  the  outside  in  a  single  down  pipe 
and  lead  the  vapors  through  the  upper  separator  B  to  the  three  inner 
chambers  L  of  the  recently  constructed  dephlegmater  D.     The  inner 
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chambers  L  are  sealed  from  the  rest  of  the  interior  of  the  rectangular 
box  forming  the  dephlegmater. 

Between  each  of  the  three  chambers  L,  are  two  water  compartments  M 
placed  across  the  box.  The  incoming  vapors  enter  the  lower  chamber  L, 
pass  from  the  lower  to  the-  middle  chamber  L,  and  from  the  middle  into  the 
upper  chamber  Ly  and  from  there  through  a  pipe  into  the  open  portion 
at  the  bottom  of  dephlegmater  D.  These  gases  coming  in  contact  with 
chambers!/;  which  are  filled  with  the  hotter  vapors,  are  re-heated. 

As  the  re-heated  vapors  flow  up  in  the  main  box  D,  they  come  in  con- 
tact with  the  cooling  surfaces  of  the  water  compartment  M,  which  con- 
dense and  throw  down  the  heavier  distillates  on  to  the  heated  surface  of 
the  chamber  L,  the  latter  evaporating  any  of  the  lighter  oil,  which 
might  be  entrained  with  the  condensed  heavier  distillates.    The  result  of 
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Fig.  19a. 


this  operation,  it  is  claimed,  is  that  all  the  heavy  discolored  distillates 
finally  reach  the  bottom  of  the  dephlegmater,  while  the  light  clean  vapors 
pass  onward  and  out  of  the  dephlegmater  to  a  battery  of  two  large  tubular 
water  condensers  E,  which  are  of  similar  construction  to  the  residuum 
heat  exchangers. 

The  distillate  from  condenser  E  flows  to  the  separator  B  entering  the 
bottom  compartment  at  one  corner,  traveling  forward  and  backward  six 
times  through  a  series  of  compartments  iV,  heated  by  the  hot  vapors  com- 
ing from  the  evaporator  A.  (Fig.  19  A).  As  the  distillates  flow  through 
these  heated  compartments  iV,  they  are  evaporated,  the  vapors  rising 
through  openings  into  either  of  the  two  upper  compartments  P  and  /J, 
from  each  of  which  the  vapors  are  led  to  two  independent  condensers  F, 

The  outside  upper  portions  of  the  separators  B  and  C  are  water  jack- 
eted, and  as  the  hot  vapprs  rise  in  the  compartments  P  and  22,  any  heavy 
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distillate  carried  by  the  vapors  is  condensed  and  dropB  back  into  com- 
partment N,  BO  that  only  the  lighter  vapors  eBcape  from  the  respective 
compartments. 

The  unevaporated  distillates  pass  on  to  separator  C,  where  they  are 
treated  in  the  same  manner  as  in  separator  B,  the  vapors  being  conducted 
to  two  independent  condensers  G. 

On  account  of  the  distillates  being  heavier  in  separator  C  than  in  sep- 
arator B,  a  greater  heat  is  required  to  evaporate  them,  which  is  derived 
from  the  hotter  residuum  instead  of  from  vapors.  This  arrangement  of 
two  separators  with  four  independent  compartments  gives  four  separate 
re-run  distillates  of  different  gravities,  practically  without  additional 
cost  for  fuel,  the  heat  expended  in  doing  this  work  being  derived  from 


Fia.  20. — TRDHBtri.L  Plant  of  The  Shell  Co. 

the  origiaal  heat  absorbed  in  the  retorts,  except  for  the  stoam  which  is 
admitted  into  the  separators  to  help  drive  over  the  vapors. 

The  unevaporated  distillate  from  separator  C  passes  on  with  the  heavy 
distillate  from  dephlegmater  D  to  the  storage  tanks. 

Bypasses  are  arranged  in  both  the  vapor  and  residuum  lines,  so  that 
all  or  only  a  portion  of  the  vapor  or  residuum  may  travel  through  the 
separators;  by  this  Qieans,  only  the  required  heat  is  obtained. 

The  residuum  ^ter  falling  to  the  bottom  of  evaporator  A,  passes 
through  the  separator  C,  and  on  to  a  series  of  three  heat  exchangers,  each 
exchanger  having  a  diaphragm  in  the  shell,  which  guides  the  oil  backward 
and  forward;  it  then  enters  the  next  shell  and  so  on  into  the  third  shell 
from  which  it  passes  through  water-jacketed  pipe  coolers  to  storage. 

The  oold  crude,  entering  these  exchangers  through  the  tube  compart- 
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ment  at  the  end  of  the  shell  and  by  means  of  three  diaphragms,  is  guided 
backward  and  forward  through  the  tubes  four  times,  this  process  being 
repeated  through  each  of  the  exchangers,  the  crude  entering  the  coldest 
exchanger  and  passing  out  of  the  hottest. 

The  Shell  Co.,  of  California 

The  Shell  Company,  through  an  affiliated  company  known  as  the 
Simplex  Refining  Co.,  purchased  in  May,  1915,  all  the  Trumbull  topping 
system  patents,  at  a  reported  figure  of  $1,000,000,  and  is  constructing 
at  Martinez  a  Trumbull  topping  plant  in  connection  with  a  complete 
refinery. 

This  plant  will  be  supplied  by  an  8-in.  pipe  line  running  from  the  Coal- 
inga  field  to  Martinez,  where  the  company  has  rail  and  deep-water 
facilities. 

The  topping  plant  now  being  constructed  is  a  .single  unit  and  has  an 
economical  capacity  of  about  5,000  bbl.  of  crude  oil  in  24  hr.  No  money 
is  being  spared  to  make  it  as  complete  and  economical  as  the  process  will 
permit.  In  general  design,  the  plant  is  similar  to  the  General  Petroleum 
Co.'3  Vernon  plant.  Many  improvements  have  been  made;  one  of  the 
most  noticeable  is  the  spreading  of  the  different  parts  so  that  they  can 
easily  be  inspected  and  repaired;  the  change  in  design  of  the  retorts,  ai^ 
various  minor  changes  which  will  be  to  the  advantage  of  the  new  plant. 

Another  feature  of  the  Shell  plant  is  the  addition  of  an  evaporator 
column  in  place  of  the  dephlegmater  lately  erected  at  the  Vernon  plant. 

Besides  the  main  topping  plant,  the  Shell  company  has  erected  a 
smaller  Trumbull  retort  with  its  evaporating  tower  for  the  purpose  of 
running  asphaltum  and  doing  other  experimental  work.  This  part^f  the 
plant  is  not  complete  and  is  not  otherwise  referred  to  in  this  paper.    *    ^ 

Like  the  Vernon  plant,  all  condensing  and  cooling  will  be  done  in 
tubular  condensers. 

The  process  will  be  carried  on  as  follows: 

The  cold  crude  enters  first  the  three  vapor  condensers  E  and  U  (Fig. 
21),  then  passes  forward  and  backward  four  times  through  the  tubes  of 
each  exchanger,  then  to  the  coldest  of  the  residuum  heat  exchangers  i/, 
through  the  five  exchangers  H  in  the  same  manner  as  the  other  exchangers, 
leaving  the  hottest  exchanger  to  enter  the  top  of  the  evaporator  column  T, 
which  is  practically  of  the  same  construction  as  the  main  evaporator  ex- 
cept that  the  heat  is  derived  from  a  surrounding  vapor  jacket.  The  crude 
on  entering  the  column  T  is  diverted  to  the  heated  side  in  its  downward 
course  by  the  conical  deflectors  and  finally  drops  into  the  base  of  the  col- 
umn. From  there,  it  passes  through  the  retort  K,  then  up  to  the  top  of 
the  evaporator  A,  where  in  its  downward  course,  it  is  again  deflected 
against  the  shell  heated  by  the  furnace  gases,  and  falls  to  the  bottom  of  the 
tower. 
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The  first  vapors  to  come  off  are  from  the  hot  crude  in  the  evaporator 
column  T,  which  are  led  to  the  separator  B,  passing  through  the  heating 
tubes  and  out  of  the  opposite  end,  then  to  the  condenser  Ej  where  the 
distillates  are  condensed  and  returned  to  the  lower  compartment  (A') 
of  separator^  B,  the  process  of  evaporation  being  the  same  as  described  in 
the  General  Petroleum  Co.'s  Trumbull  plant. 

The  vapors  on  leaving  separator  B,  which  will  have  the  lightest  grav- 
ity, are  condensed  in  condenser  F  and  then  pass  off  through  jacketed  pipe 
coolers  to  storage,  while  the  unevaporated  distillates  from  separator  B 
pass  on  to  separator  C. 

The  second  vapors  coming  off  from  evaporator  A  are  collected  in  the 
central  perforated  pipe  and  led  to  the  jacket  of  the  evaporator  column  T, 
after  imparting  a  certain  amount  of  heat  to  the  inner  shell,  they  pass 
through  the  heating  tubes  in  separator  C,  then  to  condenser  U,  the  con- 
densed distillates  being  returned  to  compartment  N  of  separator  C  to  be 
evaporated  as  previously  described.  The  vapors  then  flow  to  condenser 
G.  These  distillates  are  of  a  heavier  grade  than  those  from  separator  B. 
The  imevaporated  distillates  flow  from  separator  C  to  separator  S, 
which  is  heated  by«  the  hot  residuum  passing  through  it  on  its  way  to 
the  exchanger. 

The  vapors  from  separator  S  pass  off  to  the  condenser  V  in  the  same 
manner  as  those  from  B  and  C;  they  are  heavier  than  those  from  the 
other  two  separators.  The  unevaporated  distillate  from  separator  S  is 
not  further  refined  and  is  run  to  storage. 

Each  of  the  three  separators  has  two  separate  vapor  chambers,  each 
having  a  separate  outlet  connected  to  its  independent  condenser  so  that 
the  three  separators  will  give  six  different  cuts  of  varying  gravity  of  re- 
run products.  An  additional  product  will  be  the  still  bottoms  drawn  off 
from  the  separator  S. 

The  Shell  Co.  is  designing  an  additional  Trumbull  plant  of  equal  capac- 
ity to  be  erected  alongside  of  the  present  one,  in  which  still  further  improve- 
ments are  contemplated- 

Associated  Oil  Co. 

Plant  at  Gaviotaj  Santa  Barbara  County 

The  Associated  Oil  Co.  has  a  topping  plant  of  about  5,000  bbl.  daily 
capacity  at  Gaviota,  Santa  Barbara  County,  which  consists  of  two  sys- 
tems; one  a  battery  of  ordinary  stills  and  the  other  a  battery  of  pipe  re- 
torts. As  I  have  not  dealt  in  this  paper  with  ordinary  stills,  but  have 
confined  myself  entirely  to  the  other  types,  and  as  the  Associated  Oil  Co. 
is  building  a  much  larger  pipe  retort  topping  plant  at  its  Avon  refinery,  of 

s  For  detail  drawing  of  separator  see  Fig.  19a. 


lUPORTAMT  TOPPtNO  PLANTS  OP  CALIFORNIA 


1798  IMPORTANT  TOPPING   PLANTS    OF  CALIFORNIA 

the  same  general  design  as  the  one  at  Gaviota,  I  will  not  describe  either 
of  the  Gaviota  systems  but  will  describe  the  topping  plant  now  being 
constructed  at  the  Associated  Oil  Company's  new  refinery  at  Avon, 

Plant  at  Avon,  Contra  Costa  County 
A  retort  topping  plant  is  being  erected  as  an  addition  to  the  existing 
refinery  and  consists  of  a  flat  square  construction,  divided  into  three 
separate  [furnaces.  The  'direction  of  all  flame  is  at  right  angles  to  the 
pipes.  Placed  above  the  three  furnaces  will  be  three  rows  each  of  34  4-in. 
pipes,  about  20  ft.  in  length  with  flanged  return  bends  at  either  end.  At 
the  rear  end  of  the  furnaces  is  an  enlarged  flue  which  contains  40  4-in, 
pipes  for  the  purpose  of  absorbing  as  much  heat  from  the  flue  gas  as 


Flo.  23.— View  Showinu  Front  op  Furnaces  under  Constbhction. 
is  practicable.  By  constructing  three  long  furnaces,  over  which  the 
pipes  are  placed  at  right  angles,  the  pipes  can  be  supported  at  four 
points.  Also,  abort  cast-iron  T-bars  are  placed  between  each  row  of 
pipes  over  the  division  furnace  walk,  which  support  the  upper  rows 
and  prevent  bending  of  the  pipe  due  to  the  action  of  heat.  The  roof 
over  the  furnaces,  which  is  covered  by  a  double  thickness  of  hollow  tile 
with  a  layer  of  gravel,  rests  on  the  upper  row  of  pipes. 

The  main  outside  walla  of  the  furnace  come  just  inside  of  the  return 
bends  at  either  end  of  the  pipe.  There  is  also  a  light  auxiliary  wall 
placed  on  the  outside  of  the  return  bends.  The  space  between  the  main 
wall  and  this  auxiliary  wall  is  covered  on  top  with  short  light  sheet-iron 
plates  which  prevent  a  circulation  of  cooling  air  on  the  return  bends.  The 
whole  consfniction  admits  of  removing  any  pipe  or  joint  without  loss  of 
time. 
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In  connection  with  the  retort  is  a  separating  tower  about  5  ft.  in  diam- 
eter and  40  ft.  high,  into  which  the  heated  residuum  enters  at  a  point  about 
10  ft.  from  the  top.  The  residuum  strikes  a  succession  of  baffles  as  it  falls 
to  the  bottom  of  the  separator ;  the  light  vapors  flow  upward  and  out  of  the 
vent  pipe  at  the  top  of  the  separator. 

The  heat  exchanger  consists  of  a  nest  of  24  10-in.  pipes  about  40  ft. 
long  mounted  on  a  steel  frame,  the  10-in.  pipes  being  being  fitted  with  re- 
turn bends,  and  having  five  2-in.  pipes  passing  through  each  from  end  to 
end  with  connections  so  arranged  at  either  end  of  the  10-in.  pipes  that  the 
heated  residuum  begins  its  flow  at  one  end  of  the  10-in.  pipes  and  flows 
backward  and  forward  through  each  successive  10-in.  pipe  until  it  has 
reached  the  end;  in  the  opposite  direction  the  cold  crude  oil  is  admitted 
into  the  2-in.  pipes  at  the  cool  end  of  the  exchanger  and  leaves  the  ex- 
changer at  its  hottest  end. 

An  ordinary  water-cooled  condenser  for  condensing  the  vapors  from 
the  separator  is  used  in  connection  with  the  retort. 

In  operating  the  plant,  the  crude  oil  enters  the  exchanger,  passes  out  of 
the  hottest  end  and  enters  the  retort,  at  a  pressure  of  about  50  lb.,  through 
the  lower  corner  pipe  of  the  flue  chamber,  traverses  backward  and  for- 
ward through  the  eight  lower  pipes  in  this  chamber,  then  flows  successively 
through  each  row  upwards  to  the  top ;  from  there  it  traverses  backward  and 
forward  over  the  bottom  row  of  pipes  lying  over  the  furnace  until  it  reaches 
the  front,  then  in  the  same  manner  through  the  second  and  third  rows 
back  to  the  front  of  the  furnace;  from  there  it  is  led,  by  a  pipe  with  a  pres- 
sure regulating  valve  in  it,  to  the  upper  portion  of  the  separator  where 
the  spraying  takes  place.  The  residuum  is  then  pumped  from  the  bottom 
of  the  separator  through  the  heat  exchanger  to  the  storage  tanks.  The 
vapors  from  the  separator  are  led  direct  to  the  condenser. 

The  residuum  will  be  delivered  from  the  retorts  to  the  separator  at 
about  450®  F.  As  this  particular  topping  plant  has  not  yet  been  com- 
pleted, I  cannot  give  definite  data  as  to  its  operation,  but  the  same  design 
of  exchanger  used  in  connection  with  ordinary  stills  topping  oil  in  the 
same  plant,  receives  the  residuum  at  450®  F.;  the  crude  oil  enters  the 
exchanger  at  70®,  leaves  it  at  260°,  and  enters  the  stills  at  approximately 
that  temperature. 

The  estimated  economical  capacity  of  this  plant  with  clean  oil  will 
be  about  5,000  bbl.  of  crude  each  24  hr.,  taking  oflf  about  15  per  cent,  of 
50®  B6.  tops. 

In  closing  this  paper,  I  wish  to  express  my  appreciation  of  the  cour- 
tesies extended  to  me  by  the  officers  and  employees  of  all  the  companies 
herein  referred  to,  as  it  would  have  been  impossible  to  compile  so  much 
accurate  data  without  their  hearty  cooperation. 
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[subject  to  reyision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED  It  should  preferably  be preeented  in  person  at  the 
San  Francisco  meeting,  September,  1915,  when  an  abstract  of  the  paper  wiU  be  read.  If  thi«  is  im- 
possible, then  discussion  in  writinc  may  be  sent  to  the  Editor,  Amencan  Institute  of  Mining  Engineers, 
29  West  39th  Street,  New  York,  N.  Y.^  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 191.5.  Any 
dJscussioD  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 
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BT  JAMES  F.  KEM P|  t  NEW  YORK,  N.  Y. 
(San  Francisco  Meeting,  September,  1916) 

The.  iron  ores  of  southeastern  Cuba  present  a  subject  of  exceptional 
geological  interest.  Their  relations  to  the  inclosing  rocks  are  varied  and 
in  some  cases  unusual.  The  problem  of  their  geological  origin  is  not  a 
simple  one  and  for  this  reason  has  occasioned  some  divergence  of  views 
among  previous  observers.  Profiting,  however,  by  these  earlier  studies 
and  by  more  detailed  field  and  laboratory  observations  as  well  as  by  the 
experience  of  added  years  of  mining,  much  more  satisfactory  descriptions 
and  interpretations  can  now  be  prepared. 

Previous  Work 

In  1884,  interest  in  the  southeastern  coast  of  Cuba  became  active 
among  the  consumers  of  iron  ore  along  the  Atlantic  seaboard  of  the  United 
States.  Active  development  was  undertaken  by  the  Juragua  Iron  Co., 
Ltd.,  a  corporation  affiliated  with  the  Bethlehem  Steel  Co.,  and  the 
Pennsylvania  Steel  Co.  The  property  of  the  Juragua  company,  which  is 
situated  about  15  miles  east  of  Santiago,  was  studied  in  June  and  July, 
1884,  by  Dr.  James  P.  KimbaU,  at  the  time  Professor  of  Economic 
Geology  in  Lehigh  University  and  one  of  the  best  known  of  American 
mining  geologists.  Dr.  Kimball  published  on  his  return  two  papers,  the 
first  important  descriptions  which  we  hav^  of  the  local  geology.^    It  is 

*  In  the  preparation  of  the  present  paper  the  writer  has  had  the  cordial  support 
and  interest  of  Charles  F.  Rand,  President  of  the  Spanish-American  Iron  Co.  For 
this  aid  the  fullest  acknowledgment  is  here  gladly  made. 

t  Professor  of  Geology,  Columbia  University. 

*  James  P.  Kimhall.  Geological  Relations  of  the  Specular  Iron-Ores  of  Santiago 
de  Cuba,  American  Journal  of  Science^  vol.  xxviii,  third  series,  pp.  416  to  429  (1884). 
The  Iron  Ore  Range  of  the  Santiago  District  of  Cuba,  Trans,  xiii,  613  to  634  (1884-85). 
To  the  combined  reprints  of  the  ahove  papers  as  distributed  to  his  friends,  Dr.  Kimball 
added  reproductions  of  three  maps  which  accompanied  his  report  to  his  clients. 
The  first  is  of  the  East  and  West  Mines  near  Firmeza,  on  a  scale  of  about  150  ft.  to 
the  inch  and  with  contours  at  3-m.  intervals.  Some  notes  on  the  geological  formations 
are  written  on  the  map.  The  second  contains  three  separate  figures,' viz.:  (1)  an 
outline  map  of  the  coastal  district  from  the  Bay  of  Santiago  to  the  Rio  Bucano;  (2) 
a  geological  section  through  the  Juragua  Hills  to  the  Gran  Piedra;  (3)  a  claim  map 
of  the  surroundings  of  Firmeza.  The  last  plate  contained  a  series  of  geological 
sections  and  panoramic  sketches  of  the  mines  and  orebodies  near  Firmeza. 
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indeed  true  that  28  years  earlier,  D.  T.  Ansted,*  an  eminent  English 
geologist,  had  recorded  an  account  of  the  copper  deposits  of  El  Cobre, 
west  of  Santiago,  and  of  others  near  Cienfuegos.  From  the  earlier  con- 
tribution one  may  glean  a  few  details  of  the  local  geology  at  these  two 
mines,  but  to  Dr.  Kimball  we  owe  the  first  easily  accessible  descriptions 
of  the  r^on  to  the  east  of  Santiago. 

Dr.  Kimball  describes  a  syenite  as  the  basal  and  oldest  rock  along  the 
coast.  He  saw  its  outcroppings  in  a  belt  near  the  sea  and  learned  of  its 
supposed  reappearance  in  the  higher  portions  of  the  mountain  range  which 
culmiBates  in  the  Gran  Piedra.  He  therefore  inferred  that  it  existed 
beneath  the  diorites  which  form  the  country  rock  of  the  intervening  belt 
and  which  contain  the  iron  ores.  Near  the  sea  Dr.  Kimball  observed  the 
coral  reefs  which  had  been  obviously  raised  above  the  water  in  recent 
geological  time  and  which  stood  at  three  elevations,  respectively  14  ft., 
175  ft.,  and  350  ft.  above  tide.  Farther  back  the  diorite  was  believed  to 
cover  the  syenite,  through  which  in  some  placfes  it  may  be  seen  coming 
up  in  dikes.  The  diorite  was  believed  to  be  thinnest  toward  the 
coast  and  to  reach  a  maximum  of  about  2,000  ft.  farther  back. 
Dr.  Kimball  inferred  that  the  diorite  welled  up  as  an  outbreak  of  igneous 
rock  through  the  syenite  and  that  from  sources  of  supply  back  toward 
the  Sierra  Maestra  it  flowed  southward  toward  the  sea.  The  flood  of 
igneous  rock  was  either  checked  by  the  salt  water  or  failed  in  amount  and 
so  covered  no  greater  area  than  approximately  that  which  we  now  observe. 
In  its  course  the  diorite  was  supposed  to  overwhelm  reefs  of  coral  lime- 
stone, perched  on  the  syenite  and  still  older  than  those  now  visible.  The 
effect  of  the  diorite  was  to  turn  these  older  reefs  into  the  crystalline 
marble  which  may  sometimes  be  seen  in  association  with  the  orebodies. 
Subsequently  the  circulating  rain-waters,  acting  on  the  diorites,  which  con- 
tain much  iron  oxide,  took  the  iron  oxides  into  solution  and  encountering 
the  ancient  coral  reefs,  were  .relieved  of  their  dissolved  burden  so  as  to 
replace  the  limestone  with  the  ore.  Dr.  Kimball  observed  structures  still 
preserved  in  the  ore  which  suggested  the  organic  growth  of  coral.^ 

These  observations  are  of  great  interest,  but  so  far  as  the  origin  of 
the  ore  is  concerned  are  chiefly  of  value  in  bringing  out  the  probable 
precipitation  of  some  of  the  ore,  perhaps  indeed  of  most  of  it,  through  the 

*  D.  T.  Ansted.  The  Copper  Lode  of  Santiago  in  Cuba,  Quarterly  Journal  of 
the  Geological  Society  of  London^  vol.  xii,  pp.  144  to  153  (1856).  Extended  quotations 
from  this  paper  are  given  by  Hayes,  Vaughan,  and  Spencer,  Report  on  a  Geological 
Reconnaissance  of  Cuba^  pp.  44  to  50  (1901). 

On  the  San  Fernando  Copper  Lodes  near  Cienfuegos  in  Cuba,  Idem,  vol.  xiii. 
pp.  240  to  242  (1857). 

'  The  writer  has  also  observed  similar  cases  at  Sigua  and  has  been  reminded  of 
the  supposed  fossil  coral  of  the  pre-Cambrian  rocks  of  Quebec,  the  Eozoon  Canadense. 
which  was  an  object  of  so  much  study  in  former  years,  but  which  is  no  longer  regarded 
as  of  organic  origin. 
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agency  of  limestone.  The  precipitating  limestone  was  not  an  old  coral 
reef  perched  on  the  syenite,  but  a  member  of  an  important  sedimentary 
series  which  is  probably  the  oldest  visible  rock  in  the  region. 

The  next  paper  upon  the  district  is  by  F.  F.  Chisholm/  who  specially 
examined  the  Berraco  group  some  six  years  after  Dr.  Kimball's  studies, 
and  who  also  visited  the  Juragua  company's  mines.  Mr.  Chisholm  re- 
views the  relations  of  the  syenite  and  diorite,  and  notes  the  three  terraces 
of  recently  uplifted  coral.  With  the  view,  however,  that  the  ore  has  re- 
placed ancient  coral  reefs  he  dissents  entirely.  Much  better  exposures 
had  been  prepared  at  Firmeza  in  the  Union  mine  during  six  years  of 
work.  A  vertical  body  200  ft.  high  and  of  goodly  although  not  definitely 
stated  width  had  been  exposed.  Quite  naturally  Mr.  Chisholm  found 
difficulty  in  believing  that  it  was  an  old  coral  reef  replaced  with  ore. 
The  slabs  of  limestone  observed  in  the  diorite  near  the  ore  were  inter- 
preted as  fragments  torn  oflf  by  the  diorite  in  its  upward  journey  and  de- 
rived from  some  older  formation.  The  great  vertical  orebody  at  the 
Union  mine  was  inclosed  in  diorite.  It  had  a  wavy  band  of  chloritic  clay 
on  the  east  side  of  the  ore,  with  small  parallel,  lenticular  streaks  of  vitreous 
quartz.  Outside  the  clay  was  2  ft.  of  sand,  loosely  compacted  and  colored 
by  manganese,  but  displaying  a  sharp  contact  against  the  diorite.  The 
other  openings  at  Juragua  were  similar  but  presented  less  clearly  marked 
relations.  At  Berraco,  by  way  of  contrast,  no  limestone  was  exposed. 
Mr.  Chisholm  finally  interpreted  the  ore  as  a  direct  concentration  in  an 
igneous  dike,  which  was  originally  characterized  by  a  high  percentage  of 
iron;  or  else  it  is  a  distinct  band  forming  a  portion  of  a  larger  dike.  The 
source  of  the  ore  would  therefore  be  below,  and  the  ore  itself  would 
continue  below  the  effects  of  atmospheric  action. 

Two  years  after  Mr.  Chisholm's  visit,  an  examination  of  the  Sigua 
group  together  with  visits  at  Juragua  and  Daiquiri  was  made  by  the 
late  George  W.  Goetz  of  Milwaukee,  whose  observations  were  com- 
municated to  the  late  Professor  Hermann  Wedding  of  Berlin,  partly  by 
letter  and  partly  through  short  articles  in  the  press.  Professor  Wedding 
assembled  the  data  in  a  paper  although  not  himself  personally  familiar 
with  the  mines.*  The  oldest  rock  is  stated  to  be  the  syenite  of  earlier 
writers,  upon  which  rests  an  oolitic,  coralline  limestone  belonging  to  the 
Jurassic  and  of  the  horizon  of  Quenstedt's  Beta,  of  the  upper  White 
Jura.  The  limestone  is  much  disturbed  and  together  with  the  syenite  is 
pierced  by  outbreaks  of  diorite,  which  have  changed  the  limestones  neigh- 
boring to  them  into  white  marble.  The  red  hematite  is  associated  with 
the  diorite  in  the  most  intimate  manner  as  in  most  localities  the  world 


*  F.  F.  Chisholm.     Iron-ore  Beds  at  the  Province  of  Santiago,  Cuba.    Proceedings 
of  the  Colorado  Scientific  Society,  vol.  iii,  p.  259  (1888-90). 

*  H.  Wedding.     Die  Eisenerze  der  Insel  Cuba,  Stahl  und  Eisen,  vol.  xii,  No.  12, 
pp.  545  to  550  (June  15,  1892). 
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over,  such  as  the  Lahn  district  in  Germany,  and  the  Lake  Superior 
district  in  North  America.  West  from  Santiago  Devonian  sandstone 
and  Silurian  limestone  constitute  the  stratified  rocks.  Dr.  Wedding  em- 
phasizes the  great  abundance  of  surface  blocks  of  ore  in  the  iron  districts 
east  of  Santiago,  and  thinks  it  probable  on  the  analogies  with  other 
districts  that  the  iron  ores  form  beds  rather  than  veins.  The  exposures 
described  as  veins  may  be  folded  beds.  The  diorite  is  often  porphyritic 
and  the  iron  ore  is  at  times  involved  with  chlorite  and  epidote; 
and  frequently  appears  simply  as  a  replacement  (pseudomorphose)  of 
limestone.     Many  details  of  the  engineering  features  follow. 

In  the  interesting  work,  Cuba  and  Porto  RicOj  with  the  Other  Islands 
of  the  West  Indies  by  Robert  T.  Hill,*  a  very  brief  sketch  of  the  geology 
of  Cuba  appears  on  pp.  40  and  41,  together  with  a  very  small  geological 
map  after  one  by  de  Castro  and  Salterain.  Limestones  of  Eocene- 
Oligocene  age  constitute  the  coast  east  and  west  of  Santiago,  with  an 
intrusive  mass  of  granitoid  rock  at  Daiquiri. 

The  district  received  careful  study  from  Dr.  A.  C.  Spencer  in  con- 
nection with  the  reconnaissance  of  Cuba  carried  out  under  General 
Leonard  Wood's  direction,  during  the  American  occupation  in  1901.^ 
Dr.  Spencer  gives  an  excellent  historical  sketch  of  the  development  of 
the  enterprises  and,  regarding  the  engineering  features,  quotes  ex- 
tensively from  a  report  by  Charles  M.  Dobson,  E.  M.,  to  the  Military 
Government,  a  report  which  must  have  been  made  shortly  before  the 
date  of  his  own  report.  Dr.  Spencer  determined  the  syenite  of  earlier 
writers  to  be  a  coarse  quartz-diorite,  whose  exposures  are  well  shown  from 
Siboney  to  the  Playa,  the  port  of  the  Daiquiri  district.  It  is  covered,  in 
the  hills  near  the  shore,  by  a  thin  veneer  of  coral  rock.  The  quartz- 
diorite  (sometimes  called  merely  diorite  by  Dr.  Spencer)  extends  about 
three  miles  inland  and  is  succeeded  by  a  belt  or  zone  of  intrusive  ms^ses 
of  porph3rry.  "Near  the  southern  edge  of  this  zone  the  porphyry  occurs 
in  extremely  irregular  dikes  and  these  dikes  become  more  numerous  in 
the  higher  foothills  to  the  north.  It  is  within  these  foothills  that  the 
iron  ore  occurs.  Above  them  the  slopes  of  the  Sierra  Maestra  are  com- 
posed of  bedded  volcanic  rocks  with  a  few  intercalated  beds  of  lime- 
stone or  limestone  breccia.  The  lower  flows  are  of  a  basaltic  nature,  but 
some  of  the  uppermost  are  rhyolitic,  while  upon  the  top  of  the  mountain 
the  massive  rocks  are  overlaid  by  rhyolitic  breccias,  which  constitute  the 
base  of  a  series  of  volcanic  rocks  occupying  the  northern  slope  of  the 
range.  These  features  are  indicated  in  the  accompanying  diagram 
Fig.  2.   (Fig.  9  of  Spencer)  which  represents  also  the  general  geology 

•  The  Century  Co.,  New  York  (1898). 

^  C.  W.  Hayes,  T.  W.  Vaughan  and  A.  C.  Spencer.  Report  on  a  Geological  Recon- 
naUsance  of  Cvboy  with  a  geological  section  from  the  coast  to  the  summit  of  the  Sierra 
Maestra  and  four  small  sections  of  the  orebodies,  pp.  69  to  82  (1901). 
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and  structure  of  the  Sierra  Ma«strs  from 
Cabo  Cruz  to  the  vicinity  of  Guantaoamo 
Bay." 

The  volcanic  rocks  are  not  intimately 
associated  with  the  iron  ores  so  that  the 
chief  interest   attaches  to   the  porphyry, 
which  is  the  main  wall  rock  of  the  ore. 
Dr.  Spencer  wae  impressed  by  the  associa- 
tion of  hornblende  schist  as  well  as  crystal- 
line limestone  with  the  ore  as  exposed  m 
the  mines  of  the  Juragua  Company,  but 
not  much  in  evidence  in  the  workings  od 
Lola  Hill  of  the  Spanish-American    com- 
pany.    He  was  led  by  these  observations 
and  by  others  elsewhere  in  Cuba  to  infer 
the  existence  of  an  old  metamorphic  series, 
even  older  than  the  serpentine  so  abundant 
in  some  parts  of  the  island.     The  outbreaks 
of  the  quartz-diorite  and  the  porphyry 
preceded  the  OUogocene  epoch  of  the  Ter- 
tiary period,  since  younger  beds  on  the 
northern  slope  of  the  Sierra  Maestra  con- 
tain fossils  of  this  time.     After  discussing, 
*      at  too  great  length  to  be  cited  verbatim 
^     here,  the  derivation  of  the  ores  by  possible 
d     magmatic   processes  in  the  igneous  mass, 
.■§      and   by   replacement  processes  of  the  in- 
S.     eluded  schists  and  limestones,  Dr.  Spencer 
«      favors  the  view  that  the  ores  were  original 
*^     members  of  the  schist  and  limestone  series 
g     and  that  they  have  been  torn  ofl  with 
g      varying   amounts  of  their  old  associated 
$i     strata    and   floated   upward   as  included 
"S      masses  in  the  porphyry.     The  great  slabs 
S      or  masses  of  ore  are  often  cracked  apart 
g_     and  separated  by  dikes  of  porphyry  which 
iS      are  regarded   as   the  same  rock  with  the 
general    inclosing    walls."     Several     cross- 
sections  assembled  and  reproduced  here  in 
Figs.  3,  4,  5  and  6,  on  a  reduced  scale  are 
given  in  support  of  the   view.      One   of 

»In  Trans.,  xlii,  167,  168  (1911),  two  pano- 
ramic viewB  appear  accompanying  some  notes 
incidental  to  the  Canal  Zone  excursion. 
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these  with  a  quotation  appears  also  in  J.  E.  Spurr's  Geology  Applied  la 
Mining,  p.  118  (1907)  where  it  is  more  generally  accessible  than  in  the 
original  paper. 

In  reading  Dr.  Spencer's  description  one  must  bear  in  mind  that  the 


FiQ.  4. 
IN  East  Mine,  Firheza. 
ir  epidote. 

i-^.^..™,.,.^,.  ..v,^  ..E,.  .„,  (-.  ™,  „.  i>r-  r         ■  " 

Fic.  4. — SEonoN  THBOUQH  Small  Orbbodt  i 

Company. 

1,  Magnetite;  b,  selvage  iiniiregnated  with  chalocopyrite;  c,  white  marble  belonging 
to  the  Bchist  eeriea;  d,  fine-grained  porphyrv. 
(Reproduced  from  Fig.  11,  p.  80,  of  Dr.  Spencer'a  Iteport.) 

rock  called  syenite  by  earlier  writers  is  named  by  him  quartz-diorite  or 
simply  diorite;  whereas  the  rock  called  dioritc  by  earlier  writers  and 
appearing  as  the  wall  rock  of  the  ores  is  called  by  him  porphyry.  Dr. 
Spencer's  quartz-diorite  or  diorite  must  not  be  confounded  with  the 
diorite  of  the  others. 


Fio,  5.  Fig.  6. 

Fio.  6  (Fio.  12,  idem). — Wobking  Face  of  Lola  Mike,  showing  General  Rbla- 

TioNB  or  Ohebody  to  Inclosing  Porphyry. 
Fio.  6  (Fm.  13,  idem). ^Generalized  Vertical  Projection  or  Maodalbna  Ore- 
body  AT  DAiqmRi  TO  Illustrate  Intrusion  of  Igneous  Rock. 

So  far  as  the  sedimentary  rocks  and  especially  the  limestones  are 
concerned,  Dr.  Kimball  regarded  them  as  coral  reefs  older  than  the  modern 
reefs,  but  although  no  definite  geological  epoch  is  assigned  to  them, 
apparently  in  his  view  they  grew  in  conditions  not  greatly  changed  from 
those   of   today   except   in   the   matter   of   subsidence.     Professor  Hill 
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quoting  two  Spanish  geologists  refers  them  to  the  Eocene-Oligocene,  but 
Dr.  Spencer  believes  them  older  than  the  Oligocene  because  on  the  north 
side  of  the  Sierra  Maestra,  Oli^cene  fossiliferous  strata  rest  upon  the 
same  types  of  eruptives  as  appear  on  the  south  side  and  are  later.  Mr. 
Goetz  must  have  supplied  Professor  Wedding  with  some  sort  of  palaeon- 
tological  proof  for  making  so  close  a  determination  of  them  as  a  sub- 
division of  one  portion  of  the  Jurassic.  Fossils  would  be  of  Extreme 
interest.  One  cannot  well  avoid  suspecting  that  they  are  a  continuation 
of  the  thick  and  tilted  limestones  which  one  traverses  along  the  wonderful 
mountain  highway,  which  climbs  the  escarpment  northwest  of  Santiago 
to  2,000  ft.  above  the  sea.  The  winding  road  crosses  in  true  Alpine 
manner  a  great  section  of  well  stratified  limestones  with  a  northerly  dip  of 
30  degrees  or  more. 

In  detailed  areal  work  in  the  Daiquiri  region  as  soon  as  one  leaves  the 
artificial  exposures  of  the  mines  and  railway  cuts,  or  the  freshly  eroded 
ledges  of  the  brooks,  the  diflBiculties  of  the  tropics  assert  themselves. 
The  weathering  is  so  severe  and  the  advance  of  decomposition  so  rapid, 
that  fresh  rock  is  often  hard  to  find.  Kaolinized  and  chloritized  speci- 
mens do  not  always  give  a  satisfactory  indication  of  the  nature  of  the 
eruptive  rocks.  By  the  aid,  however,  of  E.  W.  Kohl,  Jr.,  the  engineer  of 
the  Spanish-American  Iron  Co.,  and  his  assistant,  Alfred  H.  Weaver,  a 
carefully  located  and  quite  complete  illustrative  series  of  rock  specimens, 
over  800  in  number,  were  collected  from  the  lands  of  the  Spanish- 
American  Iron  Co.  The  general  geology  has  been  worked  out  with  the 
aid  of  'these  in  the  areas  not  actually  visited.  Slides  for  microscopic 
study  have  been  freely  prepared.  The  writer  has  also  visited  the  larger 
mines  of  the  Juragua  company  and  has  been  further  aided  by  a  collec- 
tion of  specimens  of  ores  and  rocks  made  in  1913  by  C.  R.  Corning,  to 
whom  acknowledgments  are  due. 

Geographical  R£sum£ 

In  connection  with  the  iron  ores  we  are  deeply  concerned  with  a 
portion  of  Cuba  which  lies  east  of  Santiago  along  the  coast  of  the  Caribbean 
Sea.  The  iron  mines  are  limited  to  a  belt  which  extends  not  over  four  or 
five  miles  back  from  the  shore.  The  mines  have  not  as  yet  been  de- 
veloped more  than  20  miles  east  of  Santiago  Bay  nor  nearer  than  five 
miles  to  it.  They  do  not  come  down  to  the  shore  but  are  first  found 
about  a  mile  and  a  half  from  the  salt  water.  They  are  thus  limited  to  an 
east  and  west  belt  two  to  three  miles  wide.  The  ores  are  in  an  exceed- 
ingly steep  series  of  hills  whose  slopes  at  the  larger  mines  approximate 
35  degrees,  the  angle  of  repose  for  loose  materials.  Some  smaller  open- 
ings are  at  elevations  less  than  500  ft.  above  tide,  but  the  larger  ore  bodies 
outcropped  originally  up  to  and  slightly  above  1,000  ft.,  and  cut  through 
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the  high,  steep  hills  or  ridges,  in  actual  or  practically  vertical  position. 
The  smaller  orebodies  are.  of  all  sorts  of  shapes  and  are  irregular  in 
their  distribution. 

To  the  west  of  Santiago  several  enterprises  have  been  started,  of 
which  at  present  only  the  one  at  El  Cuero,  eight  miles  from  Santiago  Bay  is 
active.  Its  ores  lie  quite  near  the  shore  and  are  reported  as  similar  in 
geological  relations  to  those  on  the  east. 

Thirty-seven  miles  westward  from  the  mouth  of  Santiago  Bay  is 
Guama,  with  a  port  called  Chirivico.  The  Cuban  Steel  Ore  Co.  made 
extensive  developments  on  some  iron-ore  lands  about  14  years  ago,  but 
the  enterprise  is  not  now  active. 

Outline  op  the  Geology  at  Daiquiri 

The  oldest  geological  formation  on  the  lands  of  the  Spanish- American 
Iron  Co.,  so  far  as  our  observations  go,  is  of  sedimentary  character.  Its 
chief  representative  today  is  limestone,  but  quartzites  have  also  been 
discovered  and  at  Sigua  black  slates  are  to  be  seen  in  close  association 
with  the  limestone.  This  series  is  cut  up  into  small  irregular  exposures 
by  the  extensive  development  of  igneous  rocks  which  have  greatly 
metamorphosed  it,  and  have  produced  contact  zones  of  marked  perfection 
and  scientific  interest. 

The  limestone  can  be  seen  in  the  Barcelona  claim  in  a  not  appreciably 
metamorphosed  condition.  It  is  then  a  dense  blue  variety,  strongly 
reminiscent  of  the  Cambrian  and  Ordovician  limestones  of  the  Appala- 
chian area  of  the  United  States,  and  the  great  Cretaceous  limestones 
of  northeastern  Mexico.  Satisfactory  dip  and  strike  were  not  easy  to 
secure  on  account  of  the  massive  character  and  the  neighboring  igneous 
rock.  One  reading  on  the  Barcelona  claim  was  N  55  W.,  53  W.  The 
limestone  is  again  abundant  to  the  north  of  Vinent,  and  to  the  northeast 
toward  Sigua.  It  has  been  found  on  the  south  at  various  points  even  so 
far  to  the  east  as  the  Coco  River.  While  we  have  no  positive  evidence 
that  all  the  exposures  belong  to  the  same  formation,  yet  in  the  absence 
of  the  evidence  of  fossils,  no  one  of  which  has  been  yet  discovered,  we  may 
assume  that  they  do. 

Quartzites  have  been  discovered  to  the  east  of  La  Playa,  the  port  of  the 
Daiquiri  district,  and  extend  nearly  to  the  Coco  River  in  an  east  and  west 
belt  from  a  half  mile  to  a  mile  and  a  half  back  from  the  shore.  They  are 
chiefly  quartz  sandstones  of  pronounced  fragmental  character  but  show 
the  eflfects  of  metamorphism.  Sericite  is  recognizable  and  apparently 
zoisite.     There  are  particles  of  feldspar.     Fig.  7  will  illustrate  them. 

In  the  pits  at  Sigua  a  fine  dark-green  slate  was  found,  which  under  the 
microscope  is  a  greenish,  almost  isotropic  mass  with  a  few  grains  of 
quartz.  It  was  interpreted  as  a  fine  feldspathic  tuflf,  now  kaolinized  and 
stained  green  with  chlorite. 
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There  are  other  fragmental  rocks  both  near  the  mines  at  Sigua  and 
along  the  trail  to  the  southeast.  They  were  once  feldspathic  in  compo- 
sition but  arc  now  so  greatly  kaulinized  as  not  to  be  more  sharply  do- 
termined.  They  seemed  to  be  an  old  volcanic  breccia.  The  strike  and 
dip  some  two  or  three  miles  southeast  of  Sigua  were  N.  20  E.,  10  W.  We 
have  no  evidence  of  the  relations  of  this  rock  to  the  limestones  and 
quartzites. 

It  is  possible  that  in  part  or  as  a  whole  these  sediments  may  repre- 
sent the  ancient  metamorphic  series  mentioned  by  Dr.  Spencer.  But 
no  hornblende  schist  has  been  found  away  from  the  mines,  and  such  sp- 


Fio.  7. — QnARZTiTE  East  op 
Plata. 

In  Fio.  7  and  in  all  the  subsequent  reproductiona  of  thin  sections  {except  Fig.  431, 
the  actual  field  is  0.1  in.  or  2.5  mm. 

parently  schistose  representatives  as  were  observed  in  the  Spanish- 
American  company's  workings  were  lime-silicates,  obviously  the  results 
of  contact  metamorphism.  Abundant  evidence  of  faulting  movemenls 
and  of  shearing  under  pressure  are  to  be  noted  both  in  the  open  cuts  of 
Lola  Hill  and  near  Firmeza.  The  limestone-quartzite  serie.i  does  noi 
seem  to  be  so  much  metamorphosed  as  would  be  implied  in  Dr.  Spencer's 
description  of  the  ancient  schists. 

Granite. — The  review  of  the  earlier  papers  has  shown  that  there  has 
been  a  general  disposition  to  regard  the  syenite  or  quartz-diorite  as  the 
oldest  rock  in  the  region.  As  the  writer  is  anxious  to  avoid  all  confusion 
of  this  rock  with  the  diorites  which  are  associated  with  the  ore,  it  will  be 
called  granite.  The  ordinary  field  worker  would  unquestionably  collecl 
it  as  granite.  When  examined  under  the  microscope  it  always  hiis 
abundant  quartz,  making  syenite  an  undesirable  name.  Sometimes  the 
feldspar  is  predominantly  orthoclase;  sometimes,  and  more  often,  it  is 
oligoclase.    Biotite  and  hornblende  and  augite  are  all  three  to  be  seen  in 
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one  slide  or  another  but  biotite  is  most  common.  The  usual  zircons, 
titanites  and  magnetites  appear  and  at  times  there  is  a  marked  tendency 
to  develop  micro-pegmatites.  The  rock  is  rather  coarsely  granitoid  in 
texture  and  of  light  or  actually  white  color.  Dr.  Spencer's  description 
of  the  rock  as  quartz-diorite  coincides  perfectly  with  most  of  the  thin 
sections  examined  by  the  writer.  These  are,  however,  phases  well  over 
toward  granite,  which  name,  both  from  ordinary  field  usage  and  to  avoid 
confusion  is  here  employed.  We  know  the  granite  to  be  later  than  the 
limestones  because  it  changes  the  latter  to  beautiful  white  marble  and  in 
places  has  produced  contact  zones  of  great  perfection.  Along  the 
Berraco  R.  R.,  where  it  skirts  the  east  side  of  the  San  Sebastian  claim 
there  is  one  contact  zone  of  coarsely  crystalline  epidote  right  between  the 
granite  and  the  white  marble.  The  ore  of  the  San  Sebastian  is  in  a  garnet 
zone  produced  by  the  granite  from  the  limestone;  while  that  of  the  neigh- 
boring Concepion  claim  is  in  epidote  produced  in  the  same  way.  There 
can  be  no  question  that  the  granite  is  intrusive  in  the  limestones  and  is 
later  in  age.  But  the  granite  itself  is  at  times  abundantly  provided  with 
angular  inclusions  of  a  much  darker  diorite.  In  the  cuts  along  the 
Berraco  railway  along  the  east  side  of  the  San  Sebastian  claim,  the  ledges 
of  granite  display  a  good  many  of  these  angular  fragments  and  lead  one 
to  believe  in  some  older  unidentified  member  of  the  composition  of 
diorite.  On  the  other  hand,  and  as  all  the  previous  observers  have  men- 
tioned, dikes  of  diorite  cut  across  the  granite  and  are  generally  believed 
to  be  the  supply  conduits  for  the  great  masses  of  diorite  which  contain  the 
ore.  Yet  there  are  dikes  in  the  mines  which  are  also  later  than  the  diorite 
including  the  ore  and  which  may  be  of  the  same  group  as  the  dikes  that 
are  to  be  seen  cutting  the  granite.  No  positive  evidence  has  been  ob- 
tained by  the  writer  to  show  that  the  granite  is  older  than  the  ore-bear- 
ing diorite.  The  included  fragments  which  appear  in  the  granite  may 
have  be^n  derived  from  the  latter  rock,  unless  the  earJier  observations 
are  destructive  of  this  view.  As  will  be  later  shown  granitic,  pegmatitic 
and  even  dacite-porphyry  dikes  cut  the  orebodies  in  one  mine  and  an- 
other. Should  they  be  ofifshoots  from  the  deeper-seated  granite,  the  latter 
might  even  be  later  than  the  main  orebodies  themselves.  The  included, 
angular  fragments  would  thus  correspond  to  the  older  diorite  which 
contains  the  orebodies. 

The  granite  is  best  developed  east  and  west  of  La  Playa,  from  which 
it  extends  nearly  to  Vinent.  It  is  also  seen  in  good  exposures  along  the 
railway  from  Firmeza  to  Siboney.  Undoubtedly  it  extends  some  miles 
along  the  coast,  Siboney  to  La  Playa  and  beyond  each. 

Diorite. — In  the  neighborhood  of  Vinent  the  granite  yields  to  a  rather 
coarsely  crystalline  diorite  which  extends  some  distance  to  the  north  and 
is  widespread  east  and  west.  The  diorite  is  sometimes  visibly  porphy- 
ritic  from  phenocrysts  of  feldspar  and  for  this  reason  was  probably 
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called  porphyry  by  Dr.  Spencer.  On  careful  microscopic  study  the 
writer  is  unable  to  draw  any  very  sharp  distinctions  as  against  the  wall 
rocks  of  the  orebodies  and  therefore  is  disposed  to  regard  this  great 
dioritic  intrusive  as  essentially  one  geologic  unit. 

The  diorite  is  a  gray  rock,  which  may  assume  a  light  color  on  weather- 
ing, but  which,  in  the  varieties  rich  in  hornblende  may  be  a  very  dark 
gray.  In  some  exposures  it  is  of  moderately  coarse  grain,  comparable 
with  an  average  granite  having  components  up  to  0.2  in.  or  5  mm.; 
again  it  is  much  finer.  The  most  abundant  mineral  is  plagioclase,  well 
twinned  and  affording  extinctions  on  either  side  of  the  plane  of  twinning 
from  a  few  degrees  to  as  high  as  25.  Varieties  in  the  andesine  and  labra- 
dorite  series  are  thus  chiefly  represented  with  an  occasional  member  as 
basic  as  bytownite.  In  the  coarser  varieties  the  plagioclase  has  the  usual 
habit  of  the  components  of  the  granitoid  rocks.  The  crystals  are  roughly 
as  long  as  broad  and  of  irregular  outline.  In  the  more  finely  crystalline 
phases  there  is  a  marked  tendency  of  the  plagioclase  to  become  rectangular 
and  even  at  times  square,  reminding  one  of  the  characters  of  the  dike 
rocks.  Yet  the  specimens  were  certainly  gathered  from  the  large  in- 
trusive mass  as  distinguished  from  the  relatively  narrow  dikes.  The 
plagioclases  are  rarely  zonal.  Untwinned  feldspar  is  only  now  and  then 
to  be  seen,  so  that  orthoclase  is  a  minor  component.  Quartz  is  not  un- 
common, but  it  is  only  a  subordinate  member.  The  feldspar  may  be 
four-fifths  the  slide  as  a  maximum  and  one-half  as  a  minimum.  The  horn- 
blende is  the  common  green  variety  in  almost  all  the  slides,  but  it  shows 
frequent  indications  of  having  once  been  brown  and  to  have  bleached  in 
alteration.  One  constantly  suspects  common  green  hornblende  of  having 
been  derived  from  augite,  but  the  probabilities  are  very  strong  that  in  the 
Daiquiri  rocks  the  hornblende  is  an  original  mineral.  In  the  coarser 
diorites  it  is  irregular  in  outline  but  in  the  finer-grained  varieties  in  which 
the  plagioclase  becomes  rectangular,  the  hornblende  exhibits  excellent 
prismatic  development.  Hexagonal  sections  and  elongated  ones  with 
parallel  sides  are  the  rule.  The  hornblende  may  make  up  as  much  as  one- 
third  the  section;  it  may  sink  to  a  fifth.  Irregular  magnetite  is  freely 
associated  with  the  hornblende,  but  seldom  appears  in  the  feldspar. 
Apatite  is  often  seen  and  is  even  included  in  the  magnetite,  being  thus  an 
older  mineral.     Pyrite  is  now  and  then  an  associate  of  the  magnetite. 

In  some  slides  and  even  those  in  which  alteration  has  not  made 
particularly  great  progress,  calcite  may  nevertheless  be  detected.  It  is 
secondary  and  has  undoubtedly  been  yielded  by  hornblende  and  feld- 
spar. From  this  outline,  which  may  be  considered  the  normal,  varia- 
tions occasionally  appear.  Biotite  in  a  visibly  bleached  or  discolored 
form  is  not  infrequent  as  a  minor  associate  of  hornblende,  but  it  has  never 
been  observed  in  more  than  a  subordinate  r61e.  In  an  abandoned  cut  in 
the  southern  workings  of  the  old  EI  Norte  mine  a  specimen  of  diorite  was 
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gathered  which  has  much  colorless  augite  associated  with  the  hornblende. 
The  plagioclase  at  the  same  time  becomes  basic.  Its  extinctions  reach 
25  degrees  with  the  twinning  plane.     Epidote  has  also  begun  to  develop. 


Fio.  9.  FiQ.  10. 

FiQ.  9. — DioBiTE,  Lower  Tunnel,  El  Norte  Mine. 
The  mineral  with  parallel  banda  is  plaffiuclase.    The  clear  white  is  quartz.    The 
dark  mineral  is  chiefly  hornblende  with  a  little  maEnetite.     Crosaed  nicols. 
Fio.  10. — DioBiTE  PROM  East  Wall  of  East  Mine,  Fibueka. 
The  slide  is  chiefly  plagioclase.    Hornblende  ia  rect^^isable  in  the  upper  middle 
part  by  its  cleavage.    The  very  dark  minerals  on  the  right  lower  side  are  extinguished 
plagioclase.     The  rock  is  practically  identical  with  the  one  illustrated  iit  Fig.  9. 


Fig.  11.  Fio.  12. 

Fio.  11. — Olivinb  Gabbbo  in  White  Lioht. 
The  mineral  with  high  relief  is  olivine  with  dark,  included  magnetite.     The  gray 
mineral  of  less  relief  is  augite.     The  white  mineral  is  plagioclase.     The  black  mineral 
is  magnetite. 

Fio.  12. — The  Same  as  Fio.  II,  but  taken  with  Crossed  Nicols. 

The  rock  was  thus  half  diorite,  half  gabbro  in  its  characters,  but  it  seemed 
to  be  only  a  variation  from  the  usual  diorite  and  not  a  separate  intrusion. 
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Olimne-Gabhro. — A»  still  more  marked  departure  from  the  usual 
diorite  is  found  on  the  Santa  Rosa  claim,  on  the  southwest  extension  of 
Provideneia  Hill.  Excellent  fresh  rock  was  gathered  on  the  surface  in 
an  area  of  noticeable  but  moderate  magnetic  attraction.  When  the 
rock  was  examined  microscopically  it  proved  to  be  a  typical  olivine- 
gabbro,  Figs.  11  and  12.  Plagioclase,  pale-green  augite,  pale-green 
olivine,  and  unusually  coarse  bits  of  magnetite  are  its  components.  The 
magnetite  develops  curious  skeleton  growths.  A  very  little  brownish- 
green  hornblende  appears  in  parallel  growths  with  the  augite.  It  may 
be  that  the  gabbro  is  a  separate  and  distinct  mass  from  the  ordinary 
diorite  which  contains  on  the  north  side  of  Provideneia  Hill  the  new 
Provideneia  mine  and  on  the  south  side  the  Alfredo.  Forest  growth 
and  concealed  exposures  made  the  close  tracing  of  relationships  diflBcult. 
if  at  all  practicable.  The  rocks  also  are  not  easy  to  identify  sharply 
without  constant  appeal  to  the  microscope.  Olivine-gabbro  makes  one 
apprehensive  of  titanium  in  any  ore  appearing  where  it  constitutes  the 
wall  rock. 

Wall-Rocks  of  the  Jxiragua  Mines. — The  same  diorite  as  has  been 
described  above  from  the  Spanish-American  company's  lands  appears 
as  the  chief  wall  rock  of  the  Juragua  company's  East  Mine  and  West 
Mne.  In  the  slide  from  the  former  as  shown  in  part,  in  the  photo- 
micrograph, Fig.  10,  plagioclase,  a  little  orthoclase,  hornblende,  a  little 
biiotite  and  one  small  augite  crystal  together  with  magnetite  and  a 
little  pjo'ite  were  observed.  In  the  latter,  in  a  more  finely  crystalline 
rock,  were  plagioclase,  hornblende,  a  little  quartz  and  much  niagnetite. 

Inclusions  in  the  Diorite, — North  of  Vinent  along  the  Daiquiri  River 
and  also  on  the  slopes  of  Provideneia  Hill,  the  diorite  is  richly  provided 
with  angular  inclusions  of  the  same  dense,  dark  diorite  which  we  find  in 
the  granite,  as  earlier  described.  The  component  minerals -of  the 
inclusions  are  markedly  well  bounded.  Rectangular  feldspars,  prismatic, 
sharply  six-sided  hornblendes  and  bits  of  magnetite  chiefly  constitute 
them.  No  pronounced  contrasts  in  mineralogy  can  be  detected  as  against 
the  usual  diorite,  but  there  is  more  hornblende  and  the  texture  is  dif- 
ferent from  the  coarser  varieties.  Apparently  the  inclusions  represent 
some  older  solidified  rock. 

In  a  recent  valuable  paper  on  the  Boulder  Batholith  of  Montana, 
Paul  Billingsley'  has  remarked  the  abundance  of  dark,  angular  dioritic 
inclusions  in  this  famous  granite.  He  has  suggested  that  they  represent 
an  older  and  first  chilled  basic  shell,  afterward  broken  up  and  included  in 
the  later  arising  granite  from  a  new  propulsive  effort.  The  contrast*  of 
the  inclusions  are  so  great  at  Daiquiri,  especially  with  the  granite,  and 
diorite  is  such  a  common  rock,  the  writer  leans  to  considering  the  frag- 
ments as  derived  from  an  older  mass,  broken  up  by  a  newer  intrusion. 


•  BuOetin  No.  97,  Jan.,  1915,  p.  42. 
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Alteration  of  Diorite  near  the  Ore. — Near  the  orebodies  the  diorites 
are  noticeably  altered  and  become  very  unsatisfactory  for  microscopic 
study.  Epidote  appears  in  secondary  veihlets  and  sometimes  in  larger 
veins.  Next  these  veins  of  epidote  the  diorite  becomes  dense  and  green- 
ish gray,  passing  practically  into  a  felsite.  The  process  generally  summed 
up  under  the  word  propylitization  has  taken  place  on  a  large  scale. 
Dark  silicates  yield  chlorite  which  stains  the  whole  mass  of  the  rock 
green.  Feldspars  become  muddy  and  kaolinized  and  finally  a  mass  of 
secondary  products  must  be  studied  in  which  one  faintly  traces  the  out- 
lines and  structures  of  once  fresh  crj'^stals.  So  constant  is  this  change 
near  the  orebodies  that  one  cannot  avoid  the  conviction  that  thermal 
waters  have  been  actively  circulating. 

White  Siliceous  Rocks, — In  all  the  larger  mines,  dikes  or  at  least 
longitudinal  belts  of  white  feldspathic  and  sometimes  quartzose  rock  are 
visible,  at  times  in  close  association  with  the  orebodies  and  on  one 
side.  Lee  Reifsneider,  the  superintendent  of  the  mines  on  Lola  Hill, 
remarked  of  this  light-colored  rock  that  in  passing  from  diorite  into  it  he 
looked  for  ore  on  the  far  side;  but  in  passing  from  ore  into  it,  he  antici- 
pated barren  rock  beyond.  In  the  field  it  was  difficult  to  decide  on 
the  nature  of  these  rocks.  They  seenied  in  most  instances  silicified 
diorite  and  were  considered  to  be  the  result  of  some  thermal  action  asso- 
ciated with  the  ore  formation.  This  explanation  is  not  impossible. 
A  specimen  was  gathered  in  the  Lola-San  Antonio  workings  which  under 
the  microscope  proved  to  be  a  shattered  quartz  vein  with  some  iso- 
tropic mineral  filling  the  cracks,  Fig.  13. 

A  second  specimen  collected  in  the  Magdalena  mine  is  a  siliceous 
dike  of  granite  or  quartz-diorite,  akin  to  pegmatites.  Quartz,  acidic 
plagioclase,  sometimes  in  micro-pegmatitic  intergrowths,  and  a  little 
epidote  made  up  the  slide.  Fig.  14.  A  third  specimen  from  the  East 
Mine  of  the  Juragua  company  is  a  beautiful  case  of  a  micro-pegmatitic 
granite  dike  and  is  illustrated  in  Fig.  15.  A  fourth  case  from  the  east 
side  of  the  West  Mine  of  the  same  company  appears  to  be  an  old  sand- 
stone. The  first  three  cases  were  believed  to  be  in  some  way  associated 
with  the  ore  formation,  since  the  acidic  rock  seemed  often  to  form  one 
wall  of  the  ore.  The  fourth  case,  if  correctly  interpreted  must  be  older 
than  the  ore.  But  besides  all  these  instances  there  is  a  fifth  on  the 
west  side  of  the  West  Mine  at  Firmeza,  where  an  undoubted  granitic 
or  pegmatitic  dike  with  an  oflfshoot  cuts,  or  in  earlier  exposures  did  cut, 
the  ore.  It  is  a  richly  quartzose  rock  with  quartz  in  acidic  plagioclase, 
so  as  often  to  suggest  micropegmatite,  Fig.  16.  A  little  hornblende  and 
magnetite  are  also  discernible.  In  the  small  branch  of  the  larger  dike, 
biotite  is  the  dark  silicate.  Of  these  rocks,  the  sandstone,  if  correctly 
interpreted,  stands  by  itself.  The  first  three  certainly  seemed  to  have 
some  close  relationships  with  the  ore.     They  might  conceivably  be 
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later,  but  the  field  relations  did  not  suggest  it.  At  the  Concordia 
Mine  a  white,  feldspathic  rock  was  also  found  associated  with  the  ore. 
Under  the  microscope  it  is  chiefly  a  finely  crystalline  feldspathic  ag- 


Fia.  13.  Fia.  14. 

Fig.  13. — Srattebbd  Quabte  Vein,  Lola  Mike. 

Fio.  14. — Vert  Acidic  Quartz  Diorite,  consisting  or  Quartz,  the   most 

ABUNDANT  Mineral  in  Clear,  White,  Liobt  or  Dark  Gray  Areas;  MicitopEo- 

MATiTE,  THE  Mottled  Akeah;  and  Epidote,  tub  Dark  Shreds.     Magdj^lem 


Fio.  16.  Fio.  16. 

Fia.  15. — Micro-peomatite  from  a  Dike  in  the  East  Mine,  Firmesa. 

Fio,  16. — Acidic  Dike,  West  Mine,  Firheza. 

Acid  plagioclase  with  micro-pegmatitic  quarts  on  the  right.    Fiae-grained  diorite. 

forming  the  wall  rock  on  the  left. 

gregate,  retnindiDg  one  of  nothing  so  much  as  somewhat  badly  altered 
trachytes  or  bostonite  dikes.  Blotches  of  less  definite  igneous  textures 
appear  as  well  and  make  the  rock  very  puzzling  for  sharp  determination. 
Probably  the  original  diorite  has  been  severely  affected  by  thermal 
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waters,  has  lost  its  dark  silicates  and  has  changed  over  to  this  feldspathic 
residue. 

In   the  New  El  Norte  mine  of  the  Daiquiri  group  a  light-colored 
porphyritic  dike  with  branches  penetrates  the  ore  in  Cut  3  as  illustrated 


JSL 


_HS_ 


JP' 


in  Fig.  17.  It  is  clearly  later  than  the  ore  and  proves  under  the  micro- 
scope to  be  a  dacite  porphyry,  Phenocrysts  ofplagioclase,  rarer  ortho- 
clase,  and  quartz  arc  Bet  in  a  finely  crystalline  groundmass  of  quartz  and 
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feldspar  with  microgranitic  texture.     Tracts  of  biotite  may  be  determined 
in  the  surviving  chlorite. 

Diorite  Dikes. — In  the  larger  mines,  auch  as  those  on  Lola  Hill,  the 
main  supply  of  the  Spanish-American  company,  and  in  the  East  and 
West  Mines  of  the  Juragua  company,  as  well  as  in  some  of  the  smaller 
openings,  narrow  black  dikes  cut  wall  rocks  and  ore  alike.  They  are  un- 
doubtedly later  than  both  and  have  entered  long  after  the  deposition  of 
the  ore.  Since  the  best  and  freshest  ones  collected  cut  also  the  light- 
colored  feldspathic  rock  at  the  West  Mine  of  the  Juragua  company,  the 


Fta.    19. FlNE-QRAlNBD    DlORlTE    FROM    A    NARROW    DiKE,    WbBT    MiNE,    PiRMEIA, 

AND  Showinq  Characteribtic  Texture, 

The  rods  and  Hquares  are  plaRiocIaae,  which  constitutes  the  larger  part  of  the  rork. 

The  dark  minerala  are  hornblende  and  magnetite. 

narrow  dikes  are  believed  to  be  later  than  the  whit«  rocks.  There  seem 
to  be  two  sets  of  dark  dikes.  In  Stope  6  of  the  underground  work  in  the 
Magdalena  mine  a  later  one  crosses  an  earlier  one.  Six  from  the  Lola 
Hill  have  been  examined  in  thin  section. 

One  variety  is  a  very  feldspathic  diorite  porphyry  which  cuts  the  ore 
of  the  Magdalena  mine.  Phenocrysts  of  zonal  plagioclase  are  set  in  a 
groundmass  of  smaller  plagioclases,  all  pretty  sharply  bounded  by  their 
own  faces.  The  phcnocrj'Sta  reach  2.5  mm.  but  the  groundmass  is  made 
up  of  components  from  a  quarter  to  a  tenth  this  size.    A  few  six-sided 
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chlorite  pseudomorphs  after  hornblende  prisms  remain.  A  little  magne- 
tite is  dotted  through  and  there  is  some  secondary  calcite. 

The  narrower  dikes  from  Lola  Hill  have  much  smaller  components  of 
which  plagioclase  is  the  chief.  The  plagioclase  shows  a  marked  tendency 
to  develop  rectangular  or  square  cross-sections.  It  is  a  basic  variety. 
The  dark  silicates  are  more  abundant  than  in  the  diorite  prophyry  just 
mentioned.  Presumably  the  common  one  was  hornblende  but  only 
chlorite  survives  to  indicate  it.  The  dikes  have  much  fine  magnetite. 
Calcite  and  epidote  are  also  often  in  the  slides. 

An  unusually  fresh  dike  from  the  West  Mine,  Juragua,  was  1  ft. 
thick.  It  contained,  as  shown  in  Fig.  19,  beautifully  fresh  plagioclase 
which  affords  rectangular  sections.  Irregular  bits  and  shreds  of  leek- 
green  hornblende  in  less  amount  than  the  plagioclases  are  scattered 
through  the  slide,  as  are  fine  bits  of  magnetite.  The  slide  reminds  one 
strongly  of  diabases,  with  their  lath-shaped  plagioclases  and  irregular 
augites,  but  there  seems  no  good  reason  to  regard  the  hornblende  as 
secondary  after  augite. 

These  dark,  basic  dikes  undoubtedly  represent  the  last  igneous  rocks 
to  enter.  They  are  closely  akin  to  the  chief  wall  rocks  of  the  ore.  They 
are  sometimes  associated  with  copper  minerals  along  their  borders,  so 
that  green  copper  stains  now  appear  near  them  and  in  mining  the  iron  ore 
it  has  been  possible  to  throw  to  one  side  a  few  tons,  rich  enough  in  copper 
to  send  to  El  Cobre  near  Santiago.  Usually,  however,  only  a  few  green 
stains  are  the  result. 

Summary  of  Rocks  Associated  with  the  Ore 

The  general  associates  of  the  ore  are  now  before  us.  They  constitute 
a  complex  and  in  some  respects  a  very  puzzling  group  to  arrange  in  a 
logical  series  and  to  place  in  their  time  relations.  One  cannot  help 
associating  the  granitic  or  pegmatitic  dikes  with  some  large  parent  body. 
The  natural  one  is  the  intrusive  granite  mentioned  at  the  outset.  Yet 
this  granite  has  produced  contact  zones  on  the  older  limestone  with 
orebodies,  whereas  the  granitic  and  quartz-porphyry  dikes  are,  in  two 
cases  at  least,  later  than  the  large  orebodies.  We  can  only  suspect  the 
possible  connection  without  being  able  to  prove  it.  If  true,  it  would 
move  the  Playa  granite  into  a  place  later  in  time  than  the  main  ore  de- 
position or  at  least  place  its  expiring  effects  and  offshoots  at  this  late 
period. 

The  great  mass  of  diorite  certainly  preceded  the  main  ore  formation, 
unless  one  concludes  with  Dr.  Spencer  that  the  masses  of  ore  have 
been  torn  off  from  older  formations  below  and  floated  upward  to  their 
present  positions.  Details  of  the  ore  now  to  be  given  cast  much  doubt 
upon  this  hypothesis.  Finally  many  basic  dikes  and  some  acidic  ones 
followed  the  ore  formation. 

6 
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The  Orb 

The  ore  is  mainly  a  fine-grained  magnetite.  Dr.  Spencer  noted  this 
character  although  almost  all  theearlierdescriptions  speak  of  it  aa specular 
hematite.   A  belief  prevails  at  the  mines  that  it  is  a  fine  aggregate  of  i>oth 


FiQ.  21. 
F  Orb  fROM  Lola  Hill,  bt  Directly  Reflected  Lioht. 
c  of  lath-ahaped  crystala  of  plagioclaee, 
_  .  re  quarts  and  garnet. 

FiQ,  21. — Nearly  the  baue  View' as  Fio.  20,  but  with  Obuqub  Illumination 
r  THE  Quartz  in  the  Deprebbionb. 


Fio.  22.  Fig.  23. 

Fig.  22. — Another  Area  with  Pyritb  Standing  Out  in  Relief  from  the  Mag- 
Fig.  23. — A  Still  Different  Area  with  Pyrite  in  Relief. 

specular  hematite  and  magnetite,  and  that  analysis  has  shown  this  to  be 
the  case.  Some  light  might  be  thrown  upon  the  question  by  determining 
the  ferrous  iron  and  its  relations  to  the  ferric,  but  care  would  of  necessity 
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be  exercised  against  pyrite  which  is  widespread  in  small  amounts.  A 
representative  suite  of  specimens  taken  at  intervals  from  one  end  of  the 
Lola  Hill  mines  to  the  other  has  been  tried  with  the  magnet.  All  but 
one  or  two  were  immediately  attracted  by  it.  One  or  two  were  inert. 
We  are  forced  to  conclude  that  the  greater  part  of  the  ore  is  magnetite. 
In  the  contact  zones,  as  represented  in  the  smaller  mines,  rosettes  of 
specular  ore  are  not  infrequently  to  be  seen. 

In  a  polished  slab  of  ore,  illustrated  in  Figs.  20  to  23  inclusive,  the 
structure  is  a  cellular  one  with  quartz,  garnet  and  pyrite  in  the  inter- 
stices of  the  magnetite.     The  magnetite  itself  looks  like  nothing  so  much 


Fio.  24.  Fio,  25, 

Fig.  24. — Qdabte  Interorown  with  Maonetitg.     MAat>ALENA  Mine. 
Fio.  25. — Quartz  Intbrqhown  with  Magnetite  in  Ore  from  Firmeza. 

as  a  replacement  of  lath-shaped  crystals  of  feldspar  such  as  we  often  see 
in  the  diorite  itself.  One  can  hardlyresist  the  impression  that  in  the  slab 
some  original  rock  texture  is  preserved.  This  texture  is  most  easily 
explained  as  due  to  a  replacement  of  the  diorite  with  ore. 

The  ore  from  the  portions  of  the  mines  above  the  water  level  is  open 
textured  and  cellular  because  of  the  oxidation  and  removal  of  pyrite, 
which  in  the  deeper  workings  appears  in  unaltered  condition.  On  Lola 
Hill  in  the  northern  workings  in  the  Madgalena  claim  one  notes  little 
in  the  way  of  admixture  in  the  ore  except  pyrite,  which  increases  with 
depth.  But  as  we  pass  to  the  south  and  into  the  Lola  and  San  Antonio 
workings  we  find  notable  and  significant  amounts  of  quartz.  The  quartz 
does  not  seem  to  be  a  secondary  and  late  introduction  into  cavities 
in  older  magnetite,  but  an  original  component  of  the  ore.  Blades, 
minute,  irregular,  angular  lumps  and  dust  of  magnetite  are  contained 
in  the  quartz.  Some  magnetite  at  least  apparently  crystallized  with  it 
(Fig.  24).    Similar  relations  obtam  at  Firmeza,  as  shown  in  Fig.  25. 
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To  a  small  extent  in  the  ore  of  the  Magdalena  mine,  but  to  an  increas- 
ing degree  as  one  goes  south  through  the  Lola  into  the  San  Antonio, 
garnet  becomes  a  component  in  the  ore.  Some  specimens  are  a  mere  mass 
of  garnet  and  magnetite  in  blotchy  intergrowth.  The  garnet  may  even 
be  the  chief  mineral.  Garnet  and  quartz  may  both  be  intergrown  and 
associated  in  the  ore,  as  shown  in  Fig.  26.  Garnet  and  calcite  are  also 
associated  in  the  ore,  Fig.  28.  The  relations  of  the  garnet  and  magne- 
tite are  so  intimate  that  they  must  have  been  produced  by  the  same 
general  process.  In  one  slide  from  a  specimen  of  ore  from  the  middle  of 
the  orebody  on  a  section  in  Lola  Hill,  1 ,050  ft.  from  the  north  end  of  the 


Fio.  26.  Pig.  27. 

Fio.  26.^-QvARTZ   AND   Garnets   iNTEitaitowN   with    Maqnetitb.     Magdalena 

Mine. 

Fig.  27. — Olivine  Intergrown  with  Maqnbtitb.    Lola  Mine. 

Magdalena,  a  brightly  refracting,  rather  high-index,  optically  positive 
mineral  was  found  in  a  slide,  which  is  otherwise  chiefly  garnet  and 
magnetite.  The  mineral  is  irregularly  cracked  but  has  also  a  rectangular 
cleavage  and  parallel  extinction.  It  appears  to  be  olivine,  although  the 
association  is  unusual  for  olivine  (Fig.  27).  Still  one  is  reminded  of  the 
olivine  found  hy  Charles  Falache  and  described  by  C,  H.  Warren'"  in 
veins  in  the  Cumberland,  R.  I.,  titaniferous  magnetite,  and  obviously  an 
after-effect  in  an  igneous  mass.  The  magnetite  at  times  shows  much 
epidote.  The  epidote  does  not  seem  to  be  necessarily  secondary  but  to 
belong  with  the  garnet  as  one  of  the  original  crystallizations  in  the  process 
of  ore  deposition. 

"  C.  H,  Warren.  Petrography  and  Mineralogy  of  Iron  Mine  Hill,  Cumberland, 
R,  1.  Jmencon  Journal  of  Srience,  4th  ser,,  vol.  xxv,  pp.  35,  36  (1908).  An 
earlier  case  described  from  the  Alps  by  E.  Weinschenk  ia  cited  by  Dr.  Warren.  Weio- 
achenk  attributes  to  it  a  method  of  origin  such  as  is  here  supported  for  the  Daiquiri 
caae. 
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A  sample  of  garnet  was  collected  in  the  San  Antonio  mine  and  was 
kindly  analyzed  by  R.  B.  Herr,  Jr.,  chemist  of  the  Spanish-American 
Iron  Co. 

Molecular  Molecular 

Ratio  Ratio 

SiO, 35.23  587  CaO 30.22        537 

AljOa 0.82  8  S 0.01 

Fe,Os 30.11  198  P,Os 0.05 

FeO 0.71  10  H,0  + 0.15 

MnO 0.10  1  CaCO, 2.56 

MgO trace  . . .                                     


Total 99.85 

When  recast  for  molecular  ratios  we  have:  Si02,  587;  Fe203  (198)  -f- 
AI2O3  (8),  206;  CaO  (537)  -f-  FeO  (10)  -f-  MnO  (1),  548.  The  sesqui- 
bases  are  thus  too  high,  or  the  silica  somewhat  low  and  the  protoxides 
very  much  too  low  for  an  exact  garnet  formula  of  3  SiOs,  (FeAl)203, 
3(Ca,  Fe,  Mn)0,  but  it  is  clear  that  the  garnet  is  predominantly  the  lime- 
iron  garnet,  andradite,  most  characteristically  developed  in  the  contact 
zones.  There  was  probably  some  magnetite  or  hematite  in  the  sample  as 
2.5  per  cent.  Fe203  was  soluble  in  dilute  hydrochloric  acid. 

Along  the  northeastern  side  of  the  San  Antonio  workings,  in  the  sum- 
mer of  1914,  was  an  extended  streak  of  garnet  rock.  Excellent  crystal- 
lized specimens  of  a  brownish-red  variety  could  at  times  be  obtained 
where  they  had  projected  into  a  cavity  which  had  later  been  filled  with 
calcite.  This  streak  or  belt  of  garnet  in  the  diorite  seemed  attribut- 
able to  the  same  general  processes  as  the  ore,  but  it  may  have  been 
formed  froin  a  long  included  slab  or  series  of  slabs  of  limestone. 

Very  similar  garnet  rock  may  at  times  be  observed  in  the  mines  of  the 
Juragua  company  but  the  rocks  have  not  been  studied  in  such  detail  as 
those  at  Daiquiri.  Prom  the  East  mine  a  specimen  was  gathered  which 
reveals  under  the  niicroscope  pale-green  garnet  with  the  ore  and  quartz 
mingled.  Apparently  the  quartz  was  the  last  mineral  to  be  deposited. 
In  the  slide  amphibole  is  sparingly  present.  From  the  Concordia  mine, 
garnet  rock  was  gathered  which  is  likewise  pale  green  under  the  micro- 
scope.    The  garnets  are  possessed  of  optical  anomalies. 

With  the  ore  of  some  of  the  smaller  mines  of  the  Spanish-American 
company  is  associated  a  black,  heavy  rock  called  by  the  Spanish  miners 
"malo  mineral"  or  ''bad  ore,"  and  sometimes  because  of  its  blue-black 
color  "piedra  azul"  or  blue  rock.  Specimens  were  collected  both  from 
the  New  Norte  and  from  the  Old  Norte  mines,  and  similar  occurrences 
do  not  fail  in  other  openings.  The  writer  was  not  always  able  to  distin- 
guish the  piedra  azul  from  the  ore  itself,  but  on  request  the  miners  in- 
variably decided  without  hesitation.  The  piedra  azul  is  shown  by  the 
microscope  to  be  a  phase  of  the  mineralization  which  led  to  the  ore. 
The  commonest  variety  is  a  very  fine-grained  aggregate  of  magnetite  and 
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augite,  Fig.  29.  One  would  at  first  take  it  to  be  a  narrow  dike,  but  in 
another  piece  a  finc^ained  mixture  of  garnet  and,  pyroxene  made  up  the 
rock,  allying  it  with  the  contact  effects.  The  best  explanation  is  there- 
fore that  while  the  mineralizing  agents  in  one  place  produced  ore  by  re- 
placement of  the  diorite  with  magnetite,  they  may  have  afforded  dense 
and  closely  crystalline  bodies  of  magnetite  and  augite  or  both  these  and 
garnet,  close  alongside. 

One  other  striking  feature  of  the  larger  mines  of  the  Spanish-American 
company  should  be  emphasized  before  passing  to  the  smaller  openings 
which  are  based  on  characteristic  contact  deposits  between  intrusives  and 


Fio.  28.  Fio.  29.   ■ 

Fio.  28. — Calcite  in  Magnetite  from  one  or  the  Mines  on  Lola  Hill. 
Fio.  29. — Pibdra  Azitl  or  Malo  Mineral,  a  Fine-Grained  Interorowth  of 
Magnetite  and  Auqitb. 

limestones.  One  cannot  study  the  great  open  cuts  in  Lola  Hill  without 
being  impressed  with  the  evidences  of  movement  and  crushing.  The 
diorite  is  crushed  along  planes  which  run  in  close  parallelism  with  the  ore. 
It  is  squeezed  and  sheared  around  the  buttress-like  masses  of  magnetite 
which  have  presented  a  resisting  front  to  the  movement,  but  which 
probably  antedate  some  though  not  all  of  it.  The  alteration  of  the 
diorite  is  excessive  and  it  has  apparently  been  subject  to  some  influence, 
especially  in  the  vicinity  of  the  ore  which  has  almost  obliterated  the  horn- 
blende and  feldspar  in  favor  of  chloritic  greenstone.  In  this  crushed 
eone,  traversing  Lola  Hill  like  a  backbone,  the  great  slab-like  masses  of 
ore  are  distributed  along  a  northwest  and  southeast  line. 

Dr.  Spencer  sketched  several  cross-sections  of  the  orebodies  when  at 
the  mines  in  1901,  which  are  reproduced  in  Figs.  3  to  6,  along  with  one 
from  Firmeza.  To  those  in  Figs.  3  to  6,  is  added  one  more.  Fig.  30, 
reproduced  from  panoramic  photographs  of  Lola  Hill  made  by  the  pbotog- 
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rapher  of  the  Spanish-American  company,  Francisco  Crego.  The 
sketches  only  afford  cross-sections,  but  we  can  justifiably  imagine  that 
they  continue  for  relatively  long  distances  at  right  angles  to  these  erosB- 
sections.  They  are  much  deeper  than  wide  and  in  the  aggregate,  so  far 
as  mining  has  shown,  they  are  on  Lola  Hill  longer  than  deep.  The  ore 
has  been  followed  for  2,800  ft.  from  the  north  extreme  of  the  Magdalena 
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mine  to  the  south  extreme  of  the  San  Antonio.  The  old  summit  of  the 
hill  with  outcropping  ore  was  about  1,000  ft,  above  tide,  while  the  lowest 
exploratory  tunnel  which  was  cut  is  500  or  600  ft.  lower. 

Thus  the  whole  arrangement  of  the  orebodies  is  an  elongated  one, 
Biich  as  would  arise  from  mineralization  along  a  fissured  strip.  One  can 
hardly  imagine  such  a  long  and  relatively  narrow  slab  or  series  of  slabs 
to  be  torn  ofT  in  depth  and  floated  up  edgewise  into  their  present 
position.     On  the  contrary,  the  structure  of  the  ore,  reproducing  the 
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interlacing  feldspar,  the  associated  pyrite,  the  quartz  and  the  garnets 
constantly  remind  us  of  replacements  by  just  such  emissions  as  we  gener- 
ally believe  have  produced  the  contact  metamorphic  zones. 

Another  very  striking  feature  is  this:  When  we  prolong  the  general 
strike  of  the  orebodies  on  Lola  Hill  to  the  southeast  across  the  valley  of 
the  Daiquiri  River,  we  run  almost,  if  not  quite  exactly,  into  the  Pro- 
videncia  mine  on  Frovidencia  Hill.     Along  the  same  general  lino  over 
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the  top  and  down  the  other  side  of  the  hfll  is  the  Alfredo,  prolonged 
again  beyond  another  valley  by  the  Norte  and  New  Norte.  They  all 
line  up  as  well  as  one  could  expect  along  a  great  belt  of  crushing  and 
faulting.  They  display  much  the  same  characters  from  end  to  end,  but 
the  greatest  mineralization  is  on  Lola  Hill. 

Effects  of  crushing  do  not  fail  in  the  smaller  mines.  Fig.  31  is  re- 
produced from  a  sketch  made  in  Cut  4  of  the  New  Norte.  Fragments  of 
wall  rock  remained  in  the  mass  of  ore.  In  another  part  of  the  hill  in 
Cut  3  of  the  New  Norte,  relations  shown  in  Fig.  32  were  found.  A  piece 
of  wall  rock  had  survived  in  the  ore  along  a  zone  of  crushing. 
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Fig.  33. — Ramifying  Vein  of  Magnetite  wmcH  Apparently  had  Replaced 

THE     DiORITE    along    INTERSECTING    FiSSURES.      ABANDONED    WORKINGS    OF    THE 

Alfredo  Mine. 

One  is  led  to  the  conclusion  that  while  the  diorite  mass  was  still 
hot  in  the  depths  or  after  it  had  consolidated  and  had  been  penetrated 
by  some  other  and  still  hot  intrusive  in  depth,  a  pronounced  northwest 
and  southeast  fissured  zone  was  formed,  up  through  which  came  the 
emissions,  fluid  or  gaseous,  which  brought  the  iron  for  the  ore,  the  pyrite, 
the  garnet  and  the  epidote;  the  sulphur  for  the  pyrite;  and  the  silica  for 
the  quartz,  the  garnet  and  the  epidote.  The  lime  required  by  the  garnet 
and  the  epidote  may  have  been  derived  from  the  plagioclase  and  horn- 
blende of  the  diorite,  or  from  included  blocks  of  limestone,  or  deep- 
lying  limestone,  or  from  several  of  these  sources.  The  iron  probably  came 
up  as  chloride  as  has  been  favored  by  several  writers  on  contact  zones.  ^^ 
The  relations  at  Lola  Hill  are  on  a  large  scale  not  very  different  from  the 
dike-like  masses  of  magnetite  in  the  intrusive  rock  of  the  Iron  Springs 

"  C.  K.  Leith  and  E.  C.  Harder.  The  Iron  Ores  of  the  Iron  Springs  District, 
Southern  Utah,  Bulletin  No.  338,  U.  S.  Geological  Survey,  p.  77  (1908).  V.  Gold- 
schmidt.     Contact-zones  in  the  Christiania  District,  Norway. 
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District  of  Utah,  but  the  largest  masses  are  in  contact  zones  reversing 
the  Daiquiri  relationships.  E.  P.  Jennings^*  has  considered  the  dike- 
like masses  at  the  Utah  locality  to  be  intrusive  igneous  rock.  The  same 
conception  has  been  very  seriously  considered  by  some  observers  for 
Daiquiri  although  it  has  not  been  recorded  in  print.  Nevertheless,  the 
writer  favors  replacement  along  a  fissured  belt  as  having  the  strongest 
claims  to  confidence  (Fig.  33).  In  drawing  conclusions  everyone  should 
keep  before  him  all  the  points  made  registrding  the  shape,  associations, 
lineal  distribution,  microscopic  texture  and  mineralogy  of  the  orebodies. 

The  DiSTiNCTrvTB  Contact  Zones 

There  are  a  number  of  smaller  mines  now  largely  abandoned  which  are 
obvious  contact  zones.  They  are  all  in  close  association  with  limestone 
and  igneous  rock  and  bear  all  the  marks  of  having  originated  by  the 
action  of  the  latter  on  the  former.  The  two  old  workings  in  the  Con- 
cepcion  and  San  Sebastian  are  particularly  good  examples.  The  former 
has  two  pits,  a  lower  on  the  north  side  of  the  hUl  and  not  much  above 
the  railroad,  and  an  upper  and  smaller  one  on  top  of  the  hill  farther  south. 
The  lower  cut  is  entered  through  granite.  A  broad  zone  of  epidote 
succeeds  in  which  were  streaks  and  irregular  bodies  of  ore.  The  granite 
had  obviously  produced  from  the  limestone  a  contact  zone  with  epidote 
as  almost  the  only  lime-silicate.  Together  with  epidote,  bodies  of  mag- 
netite also  resulted.  When  studied  under  the  microscope  the  iron  ore  is 
also  intimately  intergrown  with  garnet  and  quartz  as  shown  in  Fig.  34. 
On  top  of  the  hill  the  lime-silicate  changes  to  garnet.  No  obvious  reason 
appeared  for  the  change,  but  as  the  two  minerals  are  so  closely  akin 
no  great  difference  of  physical  conditions  was  probably  involved.  The 
Sebastian  pit  is  said  to  have  the  ore  in  garnet  also,  but  darkness  pre- 
vented the  writer  from  seeing  it,  on  the  trip  to  these  claims.  On  the 
east  side  of  the  Sebastian  claim,  however,  along  the  Berraco  railroad, 
one  passes  through  cuts  of  granite  when  riding  south,  and  then  finds  a 
large  knob  of  coarsely  crystalline,  white  marble,  extensively  changed  in 
places  to  coarse,  prismatic  epidote  which  is  illustrated  in  Fig.  35.  The 
relations  are  much  the  same  as  at  the  Conoepcion  lower  pit,  but  no 
nnagnetite  was  noted.  No  one  at  all  familiar  with  contact  zones  pro- 
duced by  intrusive  rocks  from  limestones  would  hesitate  for  a  moment 
over  the  interpretation  of  these  exposures. 

The  Barcelona  claim  with  two  workings  of  modest  size  is  a  case  both 
of  ore  in  the  diorite  along  an  apparent  vein  and  in  a  small  contact  zone 
visibly  lying  between  the  limestone  and  the  diorite.     One  walks  along 


*•  E.  P.  Jennings.     Origin  of  the  Magnetite  Iron-Ores  of  Iron  County,  Utah, 
Trans,,  xxxv,  338  (1905). 
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Fio.  34. — RBi^TtVBLr  Large  G\rnbt8,  showing  Double  Refraction  t 
Fine-Grained  Ikterobowth  of  Quarts  and  Magnetite,     Concepcion 
Fig.  35. — Epidote  Rock,  fbou  a  Contact  Zone  on  the  Berraco  R.R., 
BY  Granite  tbou  Limestone, 


Fio.  3(i.  Fio.  37. 

Fia.  36. — Platv  Growths  op  Specular  Hematite  in  Quartz.     Fausto  Primero 

Fig.  37. — Thin  Plates  of  Specular  Hematite,  branchino  from  Larger  Masses 
OS  Orb,  and  Contained  in  Quartz.    Escondioo  Mine. 
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an  exposure  of  limestone  for  200  or  300  ft.  before  reaching  the  small 
contact  zone.  No  satisfactory  dip  or  strike  could  be  taken,  the  rock 
was  so  broken  and  disturbed.  The  limestone  was  partly  white  and 
partly  blue  being  apparently  original  blue  changed  in  places  to  white  by 
the  neighboring  intrusive. 

The  Fausto  Primero  claim  on  the  southeastern  portion  of  the  tract 
is  another  contact  zone.  The  ore  is  largely  specular  hematite  in  stringers 
and  larger  masses  in  actual  limestone.  The  observer  is  forced  to  con- 
clude that  the  iron*bearing  solutions  have  come  in  through  all  manner 
of  crevices  and  have  deposited  the  specular  hematite  in  irregular  net- 
works throughout  the  rock.  Much  quartz  is  mingled  with  the  specularite, 
which  forms  platy  intergrowths  with  it,  as  shown  in  Fig.  36.  In  other 
specimens  gathered  as  a  mass  of  green  silicates  the  microscope  revealed 
quartz  and  some  minute  acicular  mineral,  believed  from  its  small  ex- 
tinction to  be  tremolite. 

Again  on  the  Escondido  claim  in  a  small  pit,  lean  ore  and  a  heavy 
rock,  the  ''piedra  azul,"  were  associated.  The  ore  in  thin  section  re- 
vealed innumerable  plates  of  specularite  set  in  a  quartz  mosaic  as  shown 
in  Fig.  37. 

On  the  Elvira  claim  a  large  open  cut  has  been  driven  so  as  to  win 
the  stringers  and  irregular  masses  of  ore  which  are  set  in  garnet  and  in 
a  fibrous  amphibole  which  is  practically  coarse  asbestos.  Asbestos  as  an 
associate  of  the  ore  was  found  in  abundance  on  the  Rafael  claim.  The 
Elvira  rock  was  examined  in  thin  sections  and  revealed  yellow  garnet, 
calcite  and  the  asbestos  in  very  fine  radiating  fibers,  Fig.  38. 

The  most  extensive  and  the  most  interesting  of  the  contact  zones 
and  attendant  iron-ore  deposits  are  at  Sigua,  high  up  on  a  steep  and  pic- 
turesque mountain  side  looking  away  across  a  valley  north  to  the  Sierra 
Maestra  where  there  were  coffee  plantations  stUl  being  cultivated  on 
the  slopes.  All  stages  of  changes  can  be  seen  from  limestone  through 
the  characteristic  silicates  to  ore,  but  beyond  several  dikes  which  cross 
the  zones  and  are  later,  no  good  exposures  of  igneous  rocks  were  noted. 
The  dikes  are  a  very  porphyritic  rock  with  abundant  phenocrysts  of 
feldspar,  but  are  too  badly  decomposed  for  microscopic  study.  There 
are  also  green  chlorite  rocks  which  may  have  once  been  more  basic 
intrusives.  The  contact  effects  begin  with  stringers  and  limited  masses 
of  silicates  in  white  limestone.  Apparently  as  at  Fausto  Primero  the 
ore  solutions  circulated  through  all  the  crevices  and  open  spaces  and 
produced  the  streaks  of  minerals  by  reactions  with  the  limestone.  Be- 
sides the  iron  ore,  which  is  largely  specularite,  well  crystallized  garnets 
were  produced  in  the  calcite  as  is  shown  in  Figs.  39  and  40.  As  the  effects 
grow  stronger  and  the  conditions  of  the  largest  pit  are  reached,  the 
silicates  become  more  extensively  developed.  They  may  take  on  finely 
parallel  growths  with  some  surviving  limestone  and  resemble  coralline 
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— Intbrorowths  op  Maonbtitb  and  Pkrhapb  Specoi^r  Hematite  wn 

Finely  Prismatic  AMPHraoLB  and  Calcitb.     Elvira  Mine. 
— Relativbly  few  Garnets  (the  Dark  Minbrals)  with  Quarto  (ti 
Clear  White  Mineralb)  in  Calcitb.    Siova  Mines. 
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structures,  strongly  reminiscent  of  Eozoon  Canadense.  Undoubtedly 
specimens  like  these,  observed  by  Dr.  J.  P.  Kimball,  in  the  early  days  at 
Firmeza  confirmed  him  in  the  idea  of  the  replacement  of  coralline  lime- 
stone. Sections  of  the  contact  silicates  reveal  all  manner  of  interesting 
things.  We  may  see  yellow  garnet,  specularite  plates,  quartz,  and 
diopside  all  in  the  same  slide.  Epidote  appears  in  other  slides.  The 
specular  hematite  in  the  silicates  shows  a  marked  tendency  to  develop 
rosettes  of  radiating  plates,  Figs.  41  and  42,  like  roses,  as  one  sometimes 
sees  also  in  itmenite.  In  the  slides  the  plates  ramify  through  calcite 
more  often  than  through  quartz.  No  reasonable  explanation  could 
be  given  of  all  these  phenomena  other  than  the  standard  one  of  contact 
effects.     Some  intrusive  mass  has  fed  into  these  limestones  gases  or 


Fia.  42.  Fia   43. 

FiQ.  42. — Thin,  Kadiatino  Plates  op  Sfbcular  Heuatite  in  Calcitb,  below; 

Finely  Granular  Epidote  in  Calcite  above.     Sigua  Mines. 

Fig.  43. — Vebuicular  Growthb  op  Some  Undetermined  Mineral  in  Quartz. 

Actual  field,  0.06  in.  or  1.5  mm.     Sigua  Mines. 

solutions,  or  both,  which  have  brought  silica,  iron  compounds,  perhaps 
as  chlorides  or  oxides,  and  have  thereby  reorganized  the  original  lime- 
stones and  produced  the  lime-iron  silicates,  the  quartz,  and  the  ore. 
From  the  mining  standpoint  the  results  have  led,  as  in  most  of  the  actual 
contacts  in  southeastern  Cuba,  to  irregular  and  seldom  large  bodies  of 
ore  in  the  midst  of  barren  silicates  so  that  a  great  quantity  of  waste 
must  be  broken  and  handled  to  secure  a  commercial  output.  Yet  the 
residual  blocks,  left  on  the  surface  by  weathering,  originally  gave  the 
impression  of  great  bodies  underground,  and  led  to  the  construction  of 
the  Sigua  standard-gauge  railroad  to  the  sea,  and  to  the  building  of  a 
pier.  Floods  and  the  insurrection  wrecked  the  installation  after  20,000 
to  30,000  tons  had  been  shipped,  and  since  then  the  Spanish-American 
company  has  obtained  some  60,000  tons  additional  by  means  of  a  narrow- 
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gauge  extension  of  the  Berraco  railroad.  Even  then  50  per  cent.  Fe 
and  12  per  cent.  Si02  limits  were  maintained.  Operations  have  now 
been  abandoned. 

The  ore  appeared  in  various  small  open  cuts  down  in  the  valley  be- 
low as  well  as  on  the  mountain  side.  There  is  obviously  some  com- 
plexity to  the  geology,  because  in  the  gulch  below  the  main  workings  a 
stratified  rock,  believed  to  be  an  old  volcanic  tuff  and  breccia,  was  ob- 
served. In  one  exposure  it  had  a  strike  N.  70  W.  magnetic,  dip  32  N., 
and  again  N.  80  W.,  20  N.  It  indicated  a  marked  change  in  formations 
from  the  limestone.  In  one  of  the  lower  pits  the  black  shaly  rock  was 
observed,  which  was  earlier  mentioned  as  a  probable  fine  tuff  but  now 
altered  to  a  green  chloritic  mass.  On  a  neighboring  claim,  the  Alfeo, 
float  ore  was  being  picked  up  off  the  surface  but  no  excavations  were 
undertaken. 

Between  Sigua  and  the  other  mines  much  volcanic  or  at  least 
porphyritic  rock  appears  on  the  surface.  It  stretches  along  the 
narrow-gauge  road  for  some  distance  to  the  south  as  a  green  andesite. 
In  thin  section  the  feldspar  phenocrysts  are  plagioclase  with  chloritic 
remains  of  either  hornblende  or  augites  which  are  no  longer  recogniza- 
ble. The  ground-mass  is  finely  microgranitic  and  contains  some  minute 
untwinned  mineral  which  may  be  in  whole  or  in  part  orthoclase,  albite 
or  quartz,  probably  the  two  former.  A  little  magnetite  is  sprinkled 
through  the  ground-mass. 

To  the  west  of  Sigua  a  purple  porphyritic  rock  was  gathered  in 
several  places.  It  proves  to  be  a  trachyte.  Orthoclase  is  much  more 
abundant  than  plagioclase  among  the  phenocrysts,  but  the  ground-mass 
is  very  finely  crystalline,  almost  felt-like.  Alteration  is  extreme;  only 
limonite  remains  to  suggest  dark  silicates.  The  rock  was  gathered  in 
the  general  field  work  and  we  do  not  know  whether  the  trachyte  appears 
in  dikes  or  surface  flows. 

Along  the  Sigua  extension  of  the  Berraco  narrow-gauge  railroad, 
and  about  two  miles  in  a  direct  line,  or  three  miles  by  rail  southeast  of 
Sigua,  two  shafts  were  sunk  in  former  years  in  exploration  of  small 
veins  believed  to  contain  silver.  Only  the  dumps  and  the  open  vertical 
holes  now  remain,  but  small  specimens  of  barite  apparently  with  tetra- 
hedrite  can  be  picked  up. .  The  wall  rock  is  a  dense  greenstone,  evidently 
derived  from  some  rock  like  the  diorites.  No  records  are  available  of 
the  assay  value  of  the  ore. 

RisuMB 

The  iron  ores  are  the  subject  of  chief  interest  and  in  summing  up, 
attention  will  be  alone  directed  to  them.  They  furnish  a  variety  of 
deposits  ranging  from  those  of  small  size  in  streaks  in  limestone  asso- 
ciated intimately  and  microscopically  with  quartz,  garnet,  and  epidote; 


THE  GBOLOGT  OP  IRON  ORE  DEPOSITS  1835 

through  larger  and  more  extensive  developments  of  the  same  with  the 
practical  extinction  of  the  limestone;  to  the  extreme  of  ore  developed 
in  great  tabular  masses  in  diorite,  but  still  associated  with  the  same 
quartz,  garnet,  and  epidote,  both  in  the  large  and  in  the  microscopic  way. 
In  the  large  bodies  pyrite  appears  in  increasing  amount  as  depth  is 
gained,  but  it  has  weathered  out  of  the  ore  near  the  surface.  The  smaller 
deposits,  obviously  in  the  contact  zones,  have  in  no  case  been  followed 
deeply  enough  to  develop  much  if  any  pyrite  and  we  can  only  infer  its 
probable  presence  in  depth.  Pyrite  is  quite  frequently  associated  with 
the  magnetites  and  specular  hematites  customarily  found  in  contact 
zones.  As  regards  the  magnetite  and  specularite  of  the  obvious  zones, 
there  is  little  question  that  they  have  been  yielded  by  iron-bearing  waters 
or  gases  from  the  neighboring  igneous  rock.  So  many  cases  have  been 
studied  and  so  many  observers  have  been  led  to  the  same  conclusion 
that  little  attention  is  demanded  by  this  type  other  than  the  mention  of 
the  method  of  formation.  Experience  has  shown  orebodies  in  contact 
zones  to  be  irregular  in  shape  and  of  no  uniformity  of  disposition  in  the 
zones.  They  seem  not  to  be  very  large  in  the  Daiquiri  district,  although 
in  the  Iron  Springs  District  of  Utah  and  in  some  other  localities  in  the 
southwest  they  are  very  large."  In  the  larger  and  more  important 
deposits  in  the  Daiquiri  district,  such  as  those  in  Lola  Hill  and  on  Provi- 
dencia  Hill  as  developed  especially  in  the  Alfredo,  and  for  the  Old  and 
New  Norte,  we  cannot  reasonably  go  far  from  a  method  of  origin  closely 
related  to  that  of  the  contact  zones.  Their  ore  with  its  associated 
garnet,  quartz,  and  epidote  must  be  closely  akin  to  that  of  the  zones. 
The  long  and  relatively  narrow  masses  and  the  ofevious  location  in 
belts  of  crushing  and  rock  movement  cannot  be  ignored.  The  observer 
is  almost  irresistibly  led  to  the  conclusion  that  emissions  from  some 
cooling,  igneous  mass  beneath,  bearing  iron  and  silica,  have  come  up  along 
lines  of  faulting  and  crushing.  We  might  justifiably  wonder  if  where  we 
now  find  the  orebodies,  slabs  or  blocks  of  included  limestone  chanced  to 
be  in  the  diorite  and  if  they  served  as  precipitants  of  the  iron,  so  as  at 
the  same  time  to  yield  the  associated  garnets.  The  suggestion  is  by  no 
means  unreasonable  for  some  of  the  smaller  block-like  masses,  but  as 
one  appreciates  the  extent  of  the  large  bodies  on  Lola  Hill,  their  great 
length  and  depth. as  compared  with  their  width  and  their  uniform 
vertical  or  nearly  vertical  position,  the  assumption  of  blocks  of  limestone 
is  clearly  so  improbable  as'not  to  appeal  to  reason.  The  vertical  and 
somewhat  straggling  line  of  ore  which  one  sees  at  Providencia,  Alfredo, 
and  at  the  Old  and  New  Norte  could  not  be  explained  by  it.     No  ex- 

"  C.  K.  Leith  and  E.  C.  Harder.     The  Iron  Ores  of  the  Iron  Springs  Districti 
Southern   Utah,   Bulletin  338,    U,  S.  Geological  Survey,  p.   73   (1908).      A  total 
of  40,000,000  tons  is  estimated,  the  larger  part  in  contact  deposits,  of  which  one 
reaches  15^000,000  tons. 
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planation  will  fit  except  one  along  the  lines  of  vein  formation  with  re- 
placement of  the  diorite.  Where  the  result  was  largely  magnetite,  but 
so  mixed  with  silicates  as  to  be  too  low  in  grade  for  ore,  "piedra  azul" 
resulted.  Where  the  wall  rocks  yielded  more  completely  to  the  iron 
solutions  or  vapors  commercial  ore  resulted.  The  diorite  was  replaced 
with  magnetite  and  some  specular  hematite,  intermingled  with  garnet, 
quartz,  and  epidote.  The  lime  for  the  admixed  garnet  and  epidote 
probably  come  from  the  lime  in  the  plagioclase  or  in  the  bisilicates  of 
the  diorite.  But  in  the  case  of  the  streak  of  garnet  rock  in  the  San 
Antonio  with  admixed  calcite  but  no  appreciable  iron  ore,  an  included 
slab  or  series  of  slabs  of  limestone  is  not  unreasonable.  As  stated 
above,  veins  of  magnetite  are  known  in  the  diorite  porphyry  or  andesite 
which  has  developed  the  large  contact  bodies  at  Iron  Springs  Utah. 
E.  P.  Jennings  has  considered  them  iron  dikes,  but  Leith  and  Harder 
regard  them  as  due  to  emissions  from  the  igneous  mass,  coming  up 
through  cracks  in  its  outer  cooled  and  solidified  shell.  In  some  such  way 
as  this  the  Cuban  ores  have  probably  been  formed. 

As  was  inferred  by  F.  F.  Chisholm  there  seems  no  reason  why  the 
ores  should  be  necessarily  limited  to  relatively  shallow  depths,  but  with 
depth,  unoxidized  p3rrite  is  quite  certain  to  appear  and  to  contribute 
relatively  high  sulphur.    Roasting  is  already  practiced  at  Firmeza. 

The  larger  deposits  thus  lie  along  structural  lines.  The  resistance 
of  the  ore  to  weathering  processes  has  left  it  as  the  backbones  and  at 
the  summits  of  hills  whose  slopes  were  mantled  with  blocks  of  float. 
Meantime  the  original  wall  rocks  have  weathered  away  and  have  in 
part  been  removed  by  erosion. 

The  Daiquiri  ores  are  remarkably  similar  in  their  geological  re- 
lations to  a  deposit  near  Hong  Kong,  China,  recently  described  before 
the  Institute  by  C.  M.  Weld,^*  and  to  others  in  the  province  of  Bulacau 
in  the  Philippines  as  set  forth  by  Dalburg  and  Pratt,  ^^  and  associated 
petrographic  studies  by  F.  T.  Eddingfield.^*  In  each  case,  aggregates  of 
preponderating  magnetite  with  specular  hematite  have  resulted  by 
contact  metamorphism  and  replacement.  The  geological  sections  in 
Bulacan  might  almost  be  substituted  for  those  in  southeastern  Cuba. 


"  C.  M.  Weld.     Bulletin  No.  86,  Jan.,  1914,  p.  177. 

"F.  A.  Dalburg  and  Wallace  E.  Pratt.     The  Iron  Ores  of  Bulacan  Province, 
P.  1.,  Philippine  Journal  of  Science^  vol.  ix,  No.  3,  p.  201  (June,  1914). 

*•  F.  T.  Eddingfield.     Microscopic  Study  of  the  bulacan  Iron  Ores,  /dem,  p.  263. 
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[auBJBCT  TO  ebvibionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  praferably  be  presented  in  pexson  at  the 
San  FVandsco  meeting.  September,  1915.  when  an  abetraot  of  the  pM>«'  wiU  be  read,  u  this  is  im- 
posBble,  then  discussion  in  writing  nmy  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers, 
29  West  39th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1916.  Any 
discussion  ofFerea  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Tramming  aod  Hoisting  at  Copper  Queen  Mine 

BT  GERALD  F.  Q.  SHERMAN,  *  BI8BEB,  ARIZ. 
(San  Francisco  Meeting,  September,  1915) 

The  ore  deposits  of  the  Warren  district,  in  which  the  mines  of  the 
Copper  Queen  Consolidated  Mining  Co.  are  situated,  have  been  described 
in  a  number  of  technical  publications,  and  will  not  be  discussed  here  in 
detail.  Certain  of  their  characteristics,  however,  control  methods  of 
underground  transportation  and  hoisting  of  ore. 

In  the  Copper  Queen  mine,  the  majority  of  the  ore  has  occurred  in  a 
zone  encircling  the  west  boundary  of  the  porphyry  intrusion  of  Sacramento 
Hill.  It  has  a  width  varying  from  800  to  1,200  ft.,  and  a  thickness  of 
about  400  ft.  It  reaches  the  surface  in  the  older  part  of  the  mine  to  the 
northwest,  but  dips  to  the  southeast,  where  it  is  reached  at  1,400  ft. 
below  the  Czar  collar,  in  its  farthest  extension  at  present  developed  on 
Copper  Queen  ground.  There  is  one  major  extension  from  the  northwest 
end  of  the  zone  toward  the  west  along  the  Czar  fault,  and  others  of  minor 
importance. 

Individual  orebodies  are  scattered  through  the  zone  in  an  eccentric 
manner,  only  matched  by  their  own  irregularities  of  form  and  size. 
Their  most  general  characteristics  are  the  softness  of  the  ore  and  their 
great  horizontal  rather  than  vertical  extent.  It  has  been  estimated  that 
the  average  vertical  thickness  of  ore  in  the  Czar  and  Lowell  divisions  is 
between  30  and  35  ft.  It  is  calculated  by  assuming  it  to  be  uniformly 
distributed  over  its  horizontally  projected  area. 

In  this  zone,  and  for  some  distance  above  it,  the  ground  has  been 
subjected  to  intense  alteration  and  intense  but  irregular  oxidation.  It 
has  resulted  in  an  enormous  quantity  of  earthy  or  clayey  material,  which 
may  be  either  ore  or  waste,  which  when  wet  is  both  heavy  and  tenacious. 
Below  alteration,  the  ground  is  fairly  hard,  and  the  limestones  contain 
primary  ores  diflfering  from  those  heretofore  considered  typical  of  the 
camp,  and  which  have  not  yet  been  thoroughly  exploited. 

The  mine  production  has  been  drawn  from  many  orebodies  spread 
over  a  great  area.  A  diagram  map  (Fig.  1),  of  haulage  drifts  and  loading 
stations,  illustrates  the  situation  in  1914. 

The  effort  to  restrict  the  area  of  work  and  intensify  production  has 
not  been  particularly  successful,  for  several  reasons: 

^Superintendent,  Mines  Department,  Copper  Queen  Consolidated  Mining  Go. 
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First:  The  mine  has  been  in  continuous  operation  for  more  than  30 
years.  During  the  earlier  period,  the  costs  of  mining  and  smelting  were 
high,  and  ores  which  are  now  profitable  could  not  be  worked.  Explora- 
tion was  not  carried  far  enough  in  advance  of  mining  to  explore  orebodies 
as  a  whole,  and  they  were  attacked  piece-meal.  Much  ore  was,  in  conse- 
quence, left  in  and  about  the  old  stopes.  When  new  ground  was  opened 
to  supply  the  demand  for  greater  production,  the  old  areas  were  not  yet 
exhausted,  their  output  was  merely  reduced.  In  fact,  more  thorough 
exploration  and  the  gradually  decreasing  cost  of  mining,  etc.,  has  actually 
increased  the  production  and  reserves  of  the  Czar  division,  the  oldest 
part  of  the  mine. 

Second :  As  all  ore  is  smelted  direct,  a  balanced  production  must  be 
made  to  maintain  a  self-fluxing  mixture.  Since  the  oldest  divisions,  the 
Czar  and  Holbrook,  have  contained  highly  refractory  ores,  their  output 
has  been  limited  to  what  the  smeller  could  handle,  and  their  reserves 
have  not  been  exhausted  as  rapidly  as  the  economies  of  mining  alone 
would  suggest. 

Third :  While  many  of  the  orebodies  are  large  when  taken  as  a  whole, 
they  are  smaU  in  section,  complicated  in  form  and  mingled  with  waste. 
They  cannot  be  mined  rapidly. 

The  producing  area  has  therefore  increased  rather  than  diminished. 

All  the  ore  is  not  sticky  or  hard  to  handle,  but  some  is  extremely  so. 
To  one  not  acquainted  with  it,  it  is  hard  to  appreciate  how  seriously  this 
quality  interferes  with  every  operation  of  handling,  and  forces  com- 
plications into  a  general  plan  to  insure  certainty  of  action.  There  is  not 
such  a  large  proportion  of  sticky  ores  at  present  as  in  the  past,  except 
on  the  400  level,  but  a  successful  method  must  be  prepared  to  take  care 
of  it  wherever  it  appears. 

To  summarize  briefly :  The  three  characteristics  of  the  deposits  which 
aflfect  haulage  are  scattered  operations,  heavy  ground  in  and  near  the 
ore,  and  clay  ores. 

Old  Haulage  System  Unsatisfactory 

Prior  to  the  introduction  of  the  system  now  in  use,  the  ore  was 
trammed  by  hand  to  one  of  several  shafts,  where  it  was  hoisted  on  cages 
and  loaded  into  railroad  cars  for  shipment  to  the  company's  smelter  at 
Douglas.  In  most  cases,  it  was  dumped  directly  into  the  cars  instead  of 
loading  from  bins,  since  it  was  slow  and  hard  work  to  get  it  out  of  storage 
once  it  was  put  in.  An  attempt  was  made  to  mix  the  ore  when  loading 
into  the  railroad  cars,  but  without  great  success.  Each  tenth  mine  car 
was  loaded  into  a  separate  car  as  a  sample  for  the  smelter,  but  the 
returns  were  not  beyond  question. 

An  unusual  number  of  shafts  were  required,  since  active  production 
covered  a  wide  area.    Distances  to  the  shafts  were  excessive  for  hand 
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tramming,  and  it  was  impossible  to  maintain  such  great  lengths  of  drifts 
and  track  in  proper  condition,  although  heavy  repairs  were  continuous. 

The  defects  of  the  system  became  more  and  more  apparent  as  the 
mine  grew,  and  tentative  plans  had  been  discussed  from  time  to  time, 
but  the  disadvantages  of  any  new  method  were  more  apparent  than  the 
advantages,  and  nothing  was  done. 

Attention  was  again  and  more  forcibly  drawn  to  the  subject  when  the 
sudden  loss  of  the  Holbrook  shaft  in  July,  1906,  diverted  more  ore  to  the 
Czar  and  Spray  than  they  could  weU  handle.  Tramming  costs  were  raised 
by  the  increase  in  the  distance  trammed,  and  by  congestion  at  junction 
points  or  at  the  stations.  This  rented  in  heavy  expense,  which  lasted 
six  months  until  the  new  559-ft.  shaft  could  be  finished  and  equipped. 

Plans  were  begun  on  a  general  system  for  tramming  and  hoisting, 
which  were  later  extended  to  include  a  power  plant,  and  thus  b^an  a 
centralization  of  the  surface  plant  and  work,  which  has  only  recently 
been  completed  by  the  construction  of  a  central  timber-framing  mill  and 
a  driU-  and  tool-sharpening  shop. 

Formerly,  ore  was  hoisted  through  five  shafts.  Beginning  with 
the  oldest  and  shallowest,  and  passing  to  the  southeast,  they  were  as 
foUows: 


Shaft 

Depth 

Production  of  Dry  Ore 
per  Month,  1906 

Czar 

417  ft.  to     400  level 

659  ft.  to     600  level 

1,042  ft.  to     900  level 

1,032  ft.  to  1,000  level 

1,216  ft.  to  1,200  level 

928  ft.  to  1,000  level 

..•••••••■••••••••••••••• 

7,814 
17,263  (Ist  6  mo.  only) 
18,630 

Holbrook 

Sprav 

"^f*"./ 

Oftrdner 

7,660 

Lowell 

4,327 

Sacramento 

Total  for  year 

664,164 

The  Holbrook  has  since  been  sunk  to  the  600  level  and  the  Lowell  to 
the  1,600. 

Of  these,  the  Holbrook,  Spray,  and  Lowell  shafts  were  either  in  the 
ore  zone  or  so  near  stoped  areas  that  there  was  continual  movement  in 
them,  and  some  little  danger  of  a  repetition  of  the  Holbrook  collapse. 

Plumbings  were  made  regularly  to  ascertain  the  extent  and  rapidity 
of  movement  in  the  new  Holbrook  shaft.  During  the  first  two  years, 
the  collar  moved  to  the  northeast  at  the  rate  of  an  inch  per  month.  It 
is  now  6  ft.  23^  in.  N.  45®  E.  of  the  stationary  part  below  the  third  level. 

Although  the  Spray  shaft  is  in  rather  solid  limestone,  a  crack  de- 
veloped, which  passed  through  the  shaft  and  split  the  engine  foundation. 

It  may  be  noted  in  passing,  that  the  engine  foundations  at  these  shafts 
now  consist  of  two  massive  blocks  of  concrete,  reinforced  with  old  rails, 
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each  heavy  enough  in  itself  to  hold  the  engine  securely^  and  resist  the 
rope  pull.  The  ground  beneath  was  levelled  off  by  a  layer  of  concrete, 
but  the  surface  was  separated  from  the  foundation  block,  so  that  there 
could  be  no  bond  which  would  tear  the  concrete  block  apart  in  case  of 
future  movement.  The  fissure  at  the  Spray  shaft  has  since  widened,  but 
with  no  more  effect  than  to  tilt  the  foundation  backward,  engine  and  all. 
It  runs  smoothly  on  a  slope  of  ^  in.  in  1  ft. 

The  Czar,  although  in  rather  heavy  ground,  was  stable,  and  the 
Gardner  is  outside  the  ore  zone  and  will  probably  remain  true. 

Each  shaft  was  an  independent  unit,  with  its. own  boiler  plant,  etc. 
The  equipment  was  miscellaneous,  having  been  added  to  from  time  to 
time,  and  some  of  it  was  very  old.  The  operation  of  the  several  plants 
was  inefficient,  from  the  number  and  small  size  of  the  units.  The  use 
of  power  was  unimportant  aside  from  that  for  hoisting. 

New  Plan  Indvded  Electric  Haulage  and  Central  Hoisting 

» 

It  was  proposed  to  equip  a  shaft,  located  in  some  central  and  safe 
position,  for  economical  hoisting,  where  the  ore  might  be  mixed  and 
sampled.     The  ore  was  to  be  drawn  to  the  shaft  by  electric  locomotives. 

The  advantages  to  be  expected  may  be  stated  as  follows: 

1.  The  hand  tram  would  be  cut  down  to  an  average  of  300  ft.  or  less. 

2.  Repairs  would  be  reduced  by  diminishing  the  number  and  length 
of  tramming  drifts  in  bad  ground.  Access  to  stopes  may  be  by  circui- 
tous routes  to  avoid  heavy  ground,  and  need  not  be  so  well  maintained 
as  is  necessary  when  large  quantities  of  ore  must  be  drawn  through  them> 
the  main-haulage  drifts  being  placed  beneath  the  ore  in  solid  ground. 

3.  Fewer  trammers  would  be  required,  and  they  could  be  distributed 
to  avoid  interference.  There  was  often  great  congestion  near  the  shafts, 
even  when  mining  less  ore  than  in  recent  years. 

4.  Hoisting  would  be  cheapened  by  the  use  of  skips,  a  more  efficient 
engine,  and  a  better  method  of  transporting  the  ore  to  the  railroad  cars. 

5.  The  unstable  shafts  would  not  be  so  essential  to  continuous  pro- 
duction. 

6.  Shaft  and  cage  repairs  would  be  diminished,  particularly  in  the 
moving  shafts,  by  slowing  down  the  hoisting  speed,  as  could  be  done  if 
only  men,  timber,  and  waste  were  hoisted. 

7.  Miscellaneous  work  about  the  shafts  and  auxiliary  equipment 
might  be  cut  down. 

8.  Power  distribution  from  a  central  plant  would  be  simplified  and 
the  investment  for  hoisting  machinery  reduced. 

9.  The  ore  could  be  thoroughly  mixed  and  accurately  sampled  before 
shipment. 

There  were  also  certain  disadvantages,  aside  from  the  cost  of  the 
improvements : 
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1.  Haulage  drifts  must  be  driven,  and  maintained  without  abandoning 
a  corresponding  length  of  hand-tramming  drifts. 

2.  The  ore  would  be  transported  underground  a  greater  distance  than 
before.  A  part  of  the  saving  in  the  length  of  the  hand  tram  would  be 
lost  in  the  added  operation  of  power  haulage. 

3.  The  old  shafts  must  still  be  maintained  for  men,  timbers,  and  waste 
rock,  while  the  main  shaft  is  added  to  those  in  use.  (The  new  State  law 
restricting  the  time  of  underground  labor  to  8  hr.  from  collar  to  collar, 
has  made  it  important  to  have  shafts  close  to  the  stopes  and  active 

workings./ 

The  advantages  were  believed  to  outweigh  the  disadvantages,  and  the 
construction  was  authorized. 

Electric  Haulage  on  Alternate  Levels  Only 

The  cost  of  equipping  each  level  for  electric  haulage  was  prohibitive. 
Instead,  each  alternate  level  was  chosen,  beginning  with  the  400,  making 
seven  in  all  to  the  1,600.  By  collecting  the  ore  from  15  producing  levels 
to  seven  haulage  levels,  the  traffic  density  is  increased,  although  still  far 
below  that  necessary  for  really  cheap  transportation. 

By  referring  again  to  the  haulage  map,  it  will  be  seen  that  the  400 
level  draws  ore  from  the  whole  of  the  shallow  western  end  of  the  mine. 
It  begins  in  the  solid  ground  under  the  stopes,  passes  out  to  one  side  of 
the  ore  zone  and  then  to  the  hoisting  shaft.  It  was  possible  to  select  old 
drifts  in  stable  ground  for  most  of  the  main  line.  The  only  new  drift 
of  any  length  was  from  the  Gardner  to  the  Sacramento.  Ore  is  dropped 
from  the  100,  200  and  300  to  this  level,  through  transfer  chutes,  under  or 
near  the  stopes.  In  some  cases,  the  haulage  cars  are  collected  by  hand 
through  short  branch  drifts  to  the  stopes  on  the  haulage  level;  in  others, 
when  the  quantity  warrants  it,  the  trolley  wire  is  carried  to  the  sto])e 
chutes  direct.  Of  the  whole  5,600  ft.  of  main-line  trolley  drift  on  the 
400,  not  more  than  1,500  ft.  was  timbered,  and  of  this  only  450  ft.  is 
particularly  heavy. 

In  a  similar  manner,  the  600  level  was  driven  through  from  the  Sacra- 
mento to  the  Gardner,  old  drifts  were  used  to  the  Spray  shaft,  which  were 
extended  by  new  drifts,  to  reach  the  ore  as  it  dipped  below  the  400  level. 
It  underlaps  the  400  haulage  for  some  distance.  Although  this  drift 
passed  through  the  ore  zone  between  the  Gardner  and  Spray,  some  of 
the  old  drifts  were  in  good  ground,  and  the  proportion  of  heavy  ground 
to  sound  is  not  much  greater  than  on  the  400. 

The  same  plan  was  carried  out  for  the  other  levels,  each  one  collect- 
ing ore  from  an  area  deeper,  and  farther  to  the  south  and  east,  than  that 
served  by  the  level  above.  Not  very  many  new  drifts  were  driven  par- 
ticularly for  this  purpose,  and  the  percentage  of  main  drifts  which  require 
repairs  is  small. 
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A  trolley  line  on  the  200  level  to  the  Uncle  Sam  shaft  was  not  con- 
templated in  the  beginning,  but  was  added  afterward.  The  ore  from  that 
shaft  and  the  Southwest  country  is  hauled  to  a  transfer  chute  near  the 
Holbrook  shaft,  where  it  is  dropped  to  the  400.  Extending  the  400  level 
to  the  Uncle  Sam  to  avoid  re-handling  may  be  justified  at  some  later 

date. 

To  begin  with,  7,000  ft.  of  new  drift  was  driven  especially  for  power 
haulage,  but  other  drifts  have  been  driven  since,  and  others  equipped  for 
the  purpose,  until  at  this  date,  10.9  miles  of  track  and  trolley  line  are  in 
use  or  are  standing  ready.  The  connecting  drifts  on  the  1,200  and  1,400 
levels  were  warranted  as  prospects,  and  many  others  now  used  for  haulage 
were  driven  to  find  or  develop  ore.  Probably  not  more  than  one-quarter 
of  the  whole  should  be  charged  to  the  haulage  system. 

Track  is  20-4n,  Gauge 

Twenty-five  pound  rails  on  20-in.  gauge  are  used  for  the  track,  with 
4  by  6  by  42  in.  ties.  They  have  been  heavy  enough  except  in  a  few 
cases. 

I 


ite' 


Fio.  2. — ^Track  Layout  at  Loading  Station. 


The  maximum  concentrated  load  is  on  the  400  level.  Locomotives 
are  there  used  weighing  14,000  lb.  The  weight  of  a  loaded  car  rarely 
exceeds  6,000  lb.,  although  it  may  be  more  when  loaded  with  massive 
sulphide  ore.  Wet  ground  on  this  level  caused  very  heavy  track  repairs; 
even  when  slag  was  used  for  ballast,  it  was  churned  out  from  under  the 
ties.  To  improve  this  condition,  4,200  ft.  of  second-hand  40-lb.  rails 
were  laid  to  replace  lighter  rails.  The  stifler  rails  distributed  the  load 
better,  and  repairs  were  much  reduced. 

As  a  rule,  the  train  crew  does  not  load  the  ore.  The  motorman  brings 
empties  to  the  stope  or  transfer  chute,  and  takes  out  the  full  cars  standing 
there,  or  returns  when  the  others  are  filled. 

* 

In  the  larger  stations,  sufficient  double  track  is  laid  for  tail  room  to 
hold  20  cars.  A  standard  track  layout  is  shown  in  Fig.  2.  Only  one 
switch,  at  il,is  thrown  by  hand;  spring  switches  direct  the  locomotives 
without  further  attention.  At  unimportant  chutes,  less  elaborate  sidings 
for  car  storage  are  used,  or  the  trains  may  be  made  up  in  the  stope  drift 
or  on  the  main  line. 
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At  the  Sacramento  shaft,  the  tracks  are  looped  to  avoid  switching. 
.  Standard  switches  on  curves  of  40  to  80  ft.  radius  are  used.    Curves 
of  25-ft.  radius  are  permitted  only  in  exceptional  cases. 

Direct  Current  at  250  VoUs  Used  Underground 

Direct  current  is  carried  into  the  mine  at  250  volts,  through  the  Sacra- 
mento, Gardner,  and  Holbrook  shafts.  The  feeder  cables  are  cambric 
insulated,  lead  covered,  and  wire  armored.  The  return  cables  have 
weather-proof  insulation  only.  The  voltage  on  the  west  end  has  been  low, 
for  lack  of  capacity  in  the  power  cables.  A  transformer  set  has  been 
purchased  to  be  set  up  at  the  Holbrook  shaft  to  serve  as  a  booster,  but  it 
is  not  yet  in  service. 

The  current  underground  is  carried  on  00  B  &  S  American  standard 
grooved  trolley  wire.  The  rails  are  bounded  with  No.  12064  Type  E 
O.  B.  rail  bonds,  length  32  in.  center  to  center,  capacity  B  &  S.  No.  0, 
diameter  of  compression  terminals  %  in. 

Trolley  wires  are  now  required  by  law  to  be  7  ft.  above  the  track. 
They  are  hung  from  the  timbers  in  timbered  drifts,  or  from  4  by  6  in. 
cross  bars  held  by  vertical  bolts  wedged  into  drill  holes,  when  the  ground 
is  hard.  The  old  lines  were  sometimes  hung  lower,  and  in  such  cases 
were  protected  by  1  by  6  in.  battens  placed  parallel  with  the  wire,  8  in. 
apart  and  projecting  2  in.  below  the  wire.  On  straight  track,  the  wire  is 
supported  every  20  to  25  ft.,  as  very  little  sag  is  permissible.  Occasionally^ 
the  wires  must  be  protected  from  acid  water  dripping  from  the  roof. 
There  is  also  more  or  less  trouble  with  bonds  in  wet  drifts. 

There  have  been  five  fatal  accidents  in  which  the  trolley  current  has 
been  involved: 

No.  1,  September,  1908.  Pipe-fitter  at  work  on  air  line  above  wire. 
Received  shock  and  fell  to  track  7  or  8  ft.  below.  Uncertain  whether 
shock  or  fall  was  fatal. 

No.  2,  December,  1908.  Miner  repairing  drift  stood  on  a  truck  and 
fell  oflf.  Neck  was  broken.  Thought  that  shock  from  trolley  wire 
caused  the  fall. 

No.  3,  November,  1909.  Loader  carried  chute  bar  when  switching 
cars  and  struck  wire  beyond  protection. 

No.  4,  May,  1912.  Miner  climbed  over  couplings  of  standing  train. 
Tilted  steel  on  shoulder  and  touched  trolley  wire. 

No.  5,  July,  1914.  Miner  repairing  drift.  .Ground  fell,  carrying 
down  trolley  wire  and  pinned  him  down  with  wire  against  his  back. 
May  have  been  killed  by  the  fall.  Current  was  left  on  trolley  wire  to  light 
the  drift,  contrary  to  rules. 

The  first  two  cases  were  doubtful,  as  the  shocks  may  not  have  been 
sufficiently  severe  in  themselves  to  cause  death.    The  danger  of  a  current 
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of  250  volts  was  not  realized  at  once,  as  it  is  the  lowest  in  common  use, 
and  other  mines  have  not  foimd  it  so.  Other  men  also  in  this  mine  have 
received  shocks  without  injury.  It  was  supposed  to  be  due  to  unusual 
susceptibility  on  the  part  of  the  individuals.  It  now  appears  most 
probable  that  when  shoes  are  wet,  as  often  happens,  with  acidulated 
water,  and  there  is  moisture  on  the  hands  or  body,  an  unusually  good 
contact  may  be  made,  with  fatal  results. 

When  this  condition  was  recognized,  special  precautions  were  taken 
to  prevent  accidental  contacts.  The  wires  are  high  enough  to  avoid 
being  touched  ordinarily.  Any  reasonable  increase  in  height  would  not 
entirely  prevent  contact  when  carrying  tools,  etc.,  on  the  shoulder,  which 
is  also  contrary  to  rules. 

The  greatest  danger  is  in  repairing  drifts  or  loading  ore.  No  repairs 
are  now  permitted  in  the  vicinity  of  live  wires,  and  the  system  has-been 
divided  to  facilitate  cutting  out  the  current  in  sections  under  repairs, 
without  interfering  with  ore  haulage.  At  loading  stations,  the  wires 
were  at  first  protected  by  boards  on  each  side  of  the  wire.  The  current  is 
now  switched  off  the  wire  on  each  side  of  the  chutes  for  such  a  distance 
that  the  loader  cannot  receive  a  shock  while  loading,  or  when  switching 
cars,  even  in  case  he  should  carry  a  chute  bar  with  him  when  doing  so. 
When  the  loading  station  is  on  a  main  line,  the  current  is  carried^  past^on 
an  insulated  cable,  and  is  only  turned  on  the  trolley  wire  when  the  train 
passes  and  after  warning  the  loader.  Current  in  the  wire  is  indicated  by  a 
light. 

There  are  a  number  of  loading  stations  on  each  level,  and  as  it  takes 
as  long  or  longer  to  load,  than  to  make  the  trip  to  the  shaft,  dump,  and 
return,  the  locomotive  usually  draws  from  more  than  one  station.  On  the 
400  level,  where  the  ore  is  most  difficult  to  handle,  and  there  are  many 
loading  stations,  they  are  connected  by  wire  to  a  signal  box  containing 
an  annunciator  similar  to  that  used,  in  hotels.  The  loader  can  thus  signal 
to  the  motorman  when  his  train  is  nearly  full,  and  save  a  trip  to  a  station 
where  the  train  is  not  loaded. 

Red  lights  are  used  in  a  crude  hand-operated  block  system  when  there 
is  danger  of  interference  with  timber  or  waste  handling,  or  when  there  is 
a  second  locomotive  at  work  on  the  same  level. 

Colored  lights  are  also  used  to  indicate  the  position  in  which  switches 
are  set,  or  the  location  of  a  place  of  refuge  from  passing  trains. 

Factors  Affecting  the  Choice  of  Cars 

So  many  of  the  old  drifts  were  to  be  used  when  the  system  was 
planned,  that  it  seemed  impossible  to  use  large  cars. 

The  first  cars  bought  held  21  cu.  ft.  They  had  gable  bottoms,  with 
hinged  sides,  and  were  equipped  with  M.  C.  B.  Midget  couplers,  spring- 
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draft  rigging  and  roller-bearing  axles.     The  latches  were  to  be  sprung  for 
dumping  at  the  shaft  bins,  by  a  block  between  the  rails. 

This  type  •of  car  was  not  satisfactory.  A  large  proportion  of  the  ore 
is  too  sticky  to  slide  out  of  the  cars,  even  when  the  doors  are  held  open. 
It  was  customary  on  the  400  for  two  men  to  rock  them  from  side  to  side 
on  the  rails,  in  order  to  clear  them  of  ore.  The  frictional  resistance  to 
dumping  increases  as  the  size  diminishes. 

Another  disadvantage  was  their  tendency  to  leak  fine  ore,  particularly 
if  wet. 

After  using  them  for  some  months,  a  few  rocker  dump  cars  were  de- 
signed and  built,  of  about  the  same  capacity.  Spring-draft  rigging,  auto- 
matic couplers  and  roller  bearings  were  used,  as  they  had  been  found 
advantageous.  The  rollers  in  the  first  bearings  were  solid.  For  the  new 
cars,  an  axle  was  designed  to'  use  Hyatt  roUers,  with  special  care  to  make 
them  dirt-proof.    They  dumped  freely,  and  were  otherwise  satisfactory. 

Since  it  was  necessary  to  secure  a  complete  new  equipment  of  cars,  the 
question  of  size  was  re-opened,  and  a  car  of  33  cu.  ft.  capacity  was  adopted. 

The  cost  per  cubic-foot  capacity  decreases  as  cars  increase  in  size. 
They  should  cost  less  for  repairs  also,  in  proportion  to  the  ore  carried,  as 
the  details  of  latches,  etc.,  are  heavier  and  stronger.  Larger  net  loads 
can  be  carried  in  large  cars,  as  the  weight  does  not  increase  in  propor- 
tion to  the  capacity.  The  cost  of  loading  and  particularly  unloading  is 
generally  less.  For  these  reasons,  the  largest  car  possible  should  be 
used. 

The  size  of  the  cars  in  this  case  was  limited  by  the  cost  of  enlarging 
the  drifts,  and  by  the  weight  which  can  be  conveniently  handled  by  one 
man. 

A  large  sum  of  money  was  spent  in  widening  drifts  for  the  33-ft. 
cars.  A  car  enough  larger  to  be  of  appreciable  benefit  would  have  in- 
curred prohibitive  expense  in  widening  the  43^  miles  of  drift  then  in 
use,  and  an  added  expense  for  all  haulage  drifts  to  be  driven  in  the 
future. 

At  important  loading  stations,  the  track  is  laid  on  a  grade  to  favor 
the  loader  in  assembling  cars.  In  many  cases,  the  quantity  produced 
will  not  warrant  special  sidings,  and  the  cars  must  be  loaded  and  pushed 
by  hand  to  the  point  of  assemblage.  The  33-cu.  ft.  car  weighs  1,700  lb. 
Loaded  with  dry,  oxidized  ore  it  weighs  about  4,250  lb.  When  loaded 
with  sulphide,  it  may  weigh  as  much  as  7,500  lb.  This  car  with  roller- 
bearing  axles  can  be  readily  moved  by  one  man  at  all  transfer  chutes, 
and  through  branch  drifts  in  most  cases,  unless  the  grades  are  unfavor- 
able. A  larger  car  would  quit«  frequently  need  two  men.  The  use  of 
cars  larger  than  one  man  can  move  would  increase  the  expense  of  switch- 
ing by  hand,  until  a  car  twice  as  large  is  used,  while  that  of  loading  would 
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be  practically  doubled,  since  there  is  only  room  for  one  man  to  work 
conveniently  at  a  chute. 

The  rolling-dump  type  was  selected  for  its  ease  of  dumping  sticky 
ore,  and  simplicity  of  construction.  Tipples  were  not  seriously  con- 
sidered, as  seven  would  have  been  required. 

The  advantages  of  such  refinements  as  spring-draft  rigging  and  auto- 
matic couplers  may  be  open  to  argument,  but  a  few  fingers  have  probably 
been  saved  by  the  latter. 

The  roller-bearing  axles  have  been  a  most  unqualified  success.  They 
are  made  in  two  sizes,  and  are  of  as  great  advantage  on  small  cars  as 
large.  The  axles  on  the  motor  cars  are  filled  with  grease  once  a  month; 
on  the  hand  or  mule  cars  once  in  two  months.  It  is  probable  that  this 
time  is  shorter  than  necessary,  and  experiments  are  being  made  to  de- 
termine how  long  the  charge  will  last.  There  has  been  an  economy  in 
lubricants  accompanied  by  a  very  low  depreciation  charge.  A  few  of  the 
first  Hyatt  bearing  axles,  in  use  since  January,  1909,  have  begun  to  fail. 
The  cage  goes  first,  which  allows  the  rollers  to  become  displaced  and  in- 
jured. These  axles  are  1%  in.  in  diameter  and  are  used  on  22-cu.  ft. 
cars.  They  are  rather  light  for  the  service.  The  larger  cars  have  2%- 
in.  axles,  which  appear  to  be  amply  large  for  the  load,  and  a  longer  life 
is  expected. 

The  friction  load  is  very  light.  Unfortunately,  the  average  mileage 
per  car  cannot  be  known. 

Table  I. — Wear  of  Car  Wheels,  Axles  and  Roller  Bearings 
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The  roller  bearings  on  which  the  above  tests  were  made  were  manu- 
factured either  five  or  six  years  ago.  The  Hyatt  Roller  Bearing  Co. 
advises  that  the  rollers  are  now  made  of  chrome-nickel  alloy  steel,  which 
has  a  very  much  higher  elastic  limit  than  the  steel  used  in  bearings 
formerly. 

The  limits  of  accuracy  in  finishing  are  now  approximately  0.002  in. 
instead  of  0.006  in.  It  is  very  probable  that  better  results  would  be  ob- 
tained, with  the  rollers  as  they  are  now  made. 
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Several  Types  of  Cars  Used^ 

Several  types  of  cars  have  been  used,  and  a  summary  of  their  char- 
acteristics'may  be  of  interest.  . 

The  original  car  had  a  capacity  of  12  cu.  ft.,  and  was  of  an  ordinary 
type,  dumping  forward  and  also,  by  swivelling,  to  the  side.  It  is  not 
worth  serious  consideration,  as  it  was  both  light  and  weak.  The  older 
shafts  were  small,  and  a  car  of  greater  capacity  of  this  construction  could 
not|[be  put  on  the  cages. 

Two  cars  of  16-  and  20-ft.  capacity  each  (Fig.  3),  dumping  only  to 
the  side,  were  recently  designed  after  a  car  developed  by  the  Old  Dominion 
Copper  Mining  &  Smelting  Co.  The  16-ft.  car  will  go  on  the  cages  in 
the  smaller  shafts.    The  20-ft.  car  can  only  be  used  in  the  Gardner, 


Fig.  3. — 16-cu.  ft.  Square  Side-Dump  Car. 

Sacramento,  Spray,  and  the  newer  prospect  shafts.  These  cars  have 
great  capacity  for  their  over-all  dimensions.  They  are  of  heavy  con- 
struction. They  can  be  dumped  without  uncoupling  when  used  in  trains. 
This  is  an  important  advantage,  as  they  are  frequently  hauled  in  short 
trains  by  mules  or  motor  to  transfer  chutes,  or  in  carrying  waste  from 
development  work.  It  is  a  disadvantage  that  it  can  only  dump  to  one 
side,  and  care  must  be  taken  to  see  that  it  comes  to  the  dumping  place 
faced  the  proper  way.  It  is  proposed  to  replace  the  12-ft.  cars  with  these 
as  fast  as  they  wear  out.  It  is  unfortunate  that  two  sizes  need  to  be  used, 
but  it  is  believed  that  the  added  capacity  of  the  large  car  makes  it  worth 
while. 

Rolling-dump  cars  of  extremely  simple  construction  were  designed  for 
use  at  the  North  Star  Mines,  in  Grass  Valley,  Cal.,  and  were  introduced 
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at  the  Copper  Queen  for  surfiu;e  work.  Afterward,  they  were  taken  under- 
ground, and  have  proved  satisfactory  for  hand  and  mule  tramming. 
They  are  ears  reduced  to  their  lowest  terms,  consisting  as  they  do  of  a 
pair  of  axles  with  wheels,  two  beams  of  "I"  or  channel  section  tied 
together  at  the  ends  by  two  cast-steel  supports  for  the  body,  which  also 
form  bumpers  and  attachments  for  connecting  in  trains.  In  small  sizes, 
they  may  be  locked  by  a  pin  through  trunnion  and  support,  if  necessary. 
When  properly  balanced,  they  dump  with  great  ease,  and  do  well  with 
sticky  ore.  As  the  body  forms  a  tight  box,  ore  is  not  spilled,  even  if  it 
is  a  thin  mud.  As  they  dump  more  easily  when  well  filled,  the  tendency 
is  to  heap  them  up  rather  than  load  them  to  only  a  part  of  their  capacity. 

They  are  bulky  for  their  capacity,  however,  and  while  this  is  not 
important  when  used  exclusively  on  levels,  it  is  an  objection  for  cage 
work.  They  are  also  high  and  not  so  convenient  to  shovel  into.  In 
order  to  prevent  a  multiplicity  of  types,  it  is  probable  that  the  square- 
bodied  side-dump  car  will  eventually  supersede  these  also,  as  they  can 
only  pass  through  the  newest  shafts. 

The  33-ft.  car  of  this  type,  which  is  used  for  haulage,  is  too  large  for 
general  hand  or  mule  tramming,  and  has  most  of  the  advantages  and 
disadvantages  of  a  small  car  of  the  same  type.  It  dumps  muddy  ore 
more  readily  than  any  car  which  has  been  tried,  but  if  the  ore  does  not 
all  slide  out  together,  what  remains  is  in  the  bottom  and  it  is  hard  to  hold 
in  position  to  dump.  The  point  of  support  is  placed  below  the  center  of 
gravity  in  order  to  dump  easily,  and  a  lock  on  the  bottom  prevents  its 
over-turning  in  transit.  A  larger-sized  rolling-dump  car  is  not  to  be 
recommended.  The  force  necessary  to  revolve  a  weight  of  2  to  3  tons  may 
be  excessive. 

In  larger  sizes  also,  the  objections  to  the  saddle*back  car  disappear. 
They  dump  ore  well  when  they  hold  75  to  100  cu.  ft.  The  doors  are  the 
only  moving  parts,  the  ore  is  merely  permitted  to  fall  out,  and,  if  it  does, 
nothing  better  can  be  desired. 

Three  to  7-Ton  Elednc  Locomotives  in  Use 

There  was  difficulty  at  first  in  securing  standard  locomotives  small 
enough  to  go  through  the  drifts;  3-ton  Goodman  locomotives  were 
selected,  their  type  No.  1600-K.  They  were  small  and  compact,  and 
were  driven  by  a  single  motor  of  20  to  25  h.p.  on  one-hour  rating.  Since, 
under  ordinary  conditions,  the  train  crew  does  no  loading,  the  locomotives 
were  in  continuous  motion.  It  gave  the  motors  no  time  to  cool  off, 
armatures  burned  out,  and  electric  repairs  in  general  were  very  heavy. 
About  this  time,  it  was  decided  to  use  larger  cars,  the  drifts  were  widened 
and  larger  locomotives  could  be  used.  Two  6-ton  locomotives  (6 
N-0-2)  were  then  purchased.  They  were  driven  by  two  8-A  Goodman 
motors  of  22  h.p.  each  on  one-hour  rating,  and  have  been  satisfactory. 
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The  haul  on  the  400  level  is  long,  with  adverse  grades  for  a  third  of  the 
distance.  A  still  larger  locomotive  was  thought  desirable  for  this  level, 
and  two  7-ton  machines  were  designed  and  built  in  the  mine  shop.  They 
are  extremely  small  for  their  weight  and  power.  The  frame  is  of  cast 
steel.  The  two  Westinghouse  No.  79  mining  motors,  of  30  h.p.  each  on 
one-hour  rating,  were  taken  second-hand  from  stock.  In  the  design, 
everything  was  sacrificed  to  compactness  and  power,  and  it  is  not  to  be 
recommended  for  general  purposes.  The  unusually  rugged  electric 
equipment  has  fulfilled  every  expectation  in  the  elimination  of  delays 
and  repairs.  The  tire  expense  is  rather  heavy,  since  the  clearance  below 
gears  is  so  small,  the  tires  can  only  be  worn  down  1  in.  in  diameter  before 
replacement. 

The  small  locomotives  replaced  by  the  heavy  machines  have  been 
used  to  good  advantage  on  light  work,  either  on  levels  where  the  ore 
production  is  not  heavy,  or  in  hauling  waste  or  timber.  They  were  well 
constructed,  serviceable  machines  when  used  with  the  load  for  which 
they  were  designed.  Since  then,  repairs  have  been  general  and  not 
confined  to  any  particular  feature.  Gears  and  tires  make  up  most  of  the 
operating  cost.  The  gears  are  cut  out  of  special  steel  blanks  on  a  milling 
machine  at  the  mine  shops.  The  tires  are  of  forged  steel  shrunk  on  a 
cast-iron  center.  The  treads  are  re-faced  when  necessary,  and  are 
worn  down  to  a  thickness  of  }^-ui.  at  times.  Manganese-steel  tires  were 
tried,  but  were  found  to  wear  very  rapidly. 

Odometers  have  only  recently  been  attached,  accurate  mileage 
figures  therefore  cannot  be  given. 

In  narrow  drifts,  it  is  sometimes  impossible  to  turn  the  trolley  pole, 
and  many  were  broken  in  backing  up.  A  trolley  pole  with  a  knuckle 
in  the  center,  which  is  easier  to  turn  and  which  can  be  turned  anywhere, 
has  reduced  the  breakage. 

In  selecting  a  locomotive,  it  should  be  seen  that  the  motor  equipment 
is  large  enough  for  the  work  to  be  done;  it  will  save  endless  trouble,  delays 
and  expense. 

Power-Rating  of  Locomotives  per  Ton  on  Wheels 

Siie  Locomotive,       One-hour  Rating,  Horsepower 

Tons  Horsepower  per  Ton 

3  20  6.6  to  8.3 

6  44  7.3 

7  60  8.6 

Storage-Battery  Locomotive  Tried 

One  of  the  3-ton  locomotives  was  used  for  a  time  in  1910  and  1911 
with  an  Edison  storage  battery.  The  results  of  the  running  test  were 
presented Jn  a  paper  by  Charles  Legrand.*  The  battery  was  compased 
of  150  A-6  cells  carried  in  two  separate  trailing  cars. 

^  Electric  Traction  in  Mines,  Trans.,  xlviii,  295  (1914). 


TRAMBflNa  AND   HOISTING   AT  COPPER  QUEEN  MINE 


1851 


Moisture  from  the  air  accumulated  on  the  cells,  to  which  was  added  a 
small  proportion  of  electrolyte  as  a  result  of  spillage  or  gassing  while  being 
chained,  and  a  number  of  cells  were  lost  by  short  circuiting. 

In  14  months,  21  cells  were  burned  out.  The  whole  battery  was  then 
returned  to  the  factory,  and  replaced  by  another  with  different  crating 
to  provide  better  insulation.     A  new  battery  car  provided  with  springs 
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Cr05S'3€ciion  of  .seccnJ  Car 

Fig.  4. — Underground  Motor  Storage-Battery  Car. 


(Fig.  4)  was  built  large  enough  to  contain  them  all.  It  weighed  2,400  lb., 
and  the  battery  3,000  lb.  The  cells  were  occasionaly  wiped  dry,  painted 
and  coated  with  vaseline.  The  nickel  cell  walls  of  only  two  cells  were 
burned  through  in  the  73^  months  of  its  service.  The  cells  at  the  ends  of 
the  cars  were  those  usually  lost. 

If  the  batteries  could  have  been  kept  perfectly  dry,  or  if  the  voltage 
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had  been  lower,  there  should  have  been  little  or  no  diflSculty  from  short 
circuiting. 

When  idle  and  fully  charged,  the  voltage  was  213,  after  travelling 
about  8  miles,  one-half  under  load,  the  voltage  dropped  to  about  200. 
When  the  voltage  dropped  still  lower,  the  speed  of  the  locomotive  de- 
creased and  the  work  went  slowly. 

Ore  was  drawn  during  the  day  and  the  battery  was  charged  at  night, 
by  current  from  a  20-h.p.  motor-generator  set  taking  power  from  the 
alternating-current  circuit.  It  was  automatically  cut  out  when  charging 
was  complete. 

The  production  from  the  area  served  by  this  locomotive  gradually 
increased  until  its  capacity  was  exceeded.  It  was  then  thought  better  to 
lay  a  wire  than  to  get  another  battery,  and  the  use  of  the  storage  battery 
was  discontinued.  The  cost  of  the  locomotive  was  approximately 
$1,300,  that  of  the  battery  about  $3,000. 

The  operating  costs  were  good  in  spite  of  light  rails  and  sharp  curves. 
No  information  on  normal  depreciation  can  be  given. 

Favorable  conditions  for  motor  and  battery  are  opposed.  In  order 
to  protect  the  battery,  the  motor  must  not  be  too  large.  And  yet  it 
has  been  found  that  motor  repairs  are  reduced  by  making  them  powerful 
enough  to  sHp  the  wheels  of  the  locomotive  readily.  The  added  weight 
of  the  battery  gives  them  good  traction,  and  there  is  always  a  tempta- 
tion to  pile  on  the  load.  By  incorporating  the  battery  with  the  loco- 
motive, they  may  be  better  suited  to  each  other  and  the  work  to  be 
done. 

The  capacity  is  not  very  great.  The  cost  of  battery,  charging 
station,  etc.  is  to  be  balanced  against  that  of  trolley  wire  and  rail  bond- 
ing. The  charge  for  power  is  so  small  that  the  greater  consumption  of 
power-house  current  is  of  no  particular  consequence. 

The  battery  is  now  set  up  in  the  power  house  to  excite  the  fields 
of  the  alternating-current  generators  when  starting.  They  replaced 
a  small  steam-generator  set,  and  have  been  very  useful. 

Several  Designs  for  Slope  and  Transfer  ChtUes 

When  the  stopes  are  on  a  haulage  level,  only  the  regular  stope  chutes 
are  used,  and  the  cars  are  brought  to  them  by  the  locomotives,  if  the 
tonnage  is  of  sufficient  importance,  or  by  hand  from  some  nearby,  point 
where  they  may  be  re-assembled  into  a  train  to  be  hauled  to  the  shaft. 
If  the  ore  comes  from  the  level  itbove,  it  is  dropped  through  a  transfer 
chute  to  the  haulage  level.  This  may  be  an  old  stope  chute  or  it  may 
be  a  special  raise  into  which  the  ore  from  a  considerable  area  is  collected. 

For  the  larger  bodies,  a  chute  is  usually  provided  close  to  the  stopes, 
even  if  a  special  drift  must  be  brought  in  from  the  main  line.    In  a  top 
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slice,  the  main  chute  is  brought  up  to  the  top  floor  and  the  ore  is  trammed 
from  the  working  faces  to  the  haulage  chute  direct.  In  the  Dividend 
slice,  the  ore  being  too  soft  for  raises  to  be  maintained  through  it,  they 
are  placed  in  the  country  rock  outside,  and  the  ore  will  be  trammed  a 
longer  distance  on  the  working  floor  of  the  slice,  instead  of  to  a  central 
raise  within  the  ore. 

In  the  Howell  slice,  the  ore  mined  above  the  600  is  dropped  to  the 
1,000,  as  it  is  economically  impossible  to  maintain  a  trolley  drift  through 
the  ore  zone  on  the  800.  In  this  case,  the  ore  is  trammed  again  on  the 
900,  as  there  is  not  sufficient  to  justify  a  special  raise  clear  through. 

Table  II, — Loading  Cost  for  Levels  in  1914 

Level  Cents  per  Ton 

400 6.4 

600 2.4 

800 3.4 

1,000 3.5 

1,200 1.8 

1,400 2.8 

1,600 3.2 

The  400-level  costs  for  loading  are  highest,  since  the  greatest  pro- 
portion of  clay  ore  originates  in  the  area  tributary  to  that  level.  The 
ore  in  the  Dividend  stopes  is  a  very  tenacious  day,  and  a  cost  of  10c. 
per  ton  for  loading  has  not  been  uncommon  nor  excessive.  The  dif- 
ficulties of  loading  have  directed  particular  attention  to  the  development 
of  a  better  chute  than  that  formerly  employed. 

A  rectangular  vertical  chute  of  small  section,  with  a  bottom  slop- 
ing down  to  a  door  in  the  front,  is  the  worst  possible  for  sticky  ores.  The 
small  section  increases  side  friction  and  favors  arching.  The  weight  of 
the  column  of  ore  packs  it  tightly  into  the  wedge-shaped  section  at  the 
bottom,  particularly  when  it  falls  as  a  mass  after  hanging  up.  Only  a 
part  of  its  weight  acts  as  a  force  to  push  it  horizontally  through  the  door. 
By  shortening  and  widening  the  column  of  ore,  the  weight  per  square 
foot  on  the  bottom  layer  is  lessened,  and  there  is  less  possibility  of  arch- 
ing. By  putting  the  door  underneath  instead  of  at  the  side,  the  full 
weight  of  the  ore  acts  to  force  it  through.  These  principles  were  used 
in  developing  a  chute  which  has  been  found  to  be  of  great  advantage. 
The  doors  have  been  put  underneath  the  bin  in  only  one  case,  as  it  is 
seldom  necessary. 

From  the  sketch  of  a  standard  transfer  chute  (Fig.  5),  it  will  be 
seen  that  the  storage  is  all  at  the  bottom.  The  ore  falls  through  the 
chimney  and  strikes  a  baffle,  its  downward  velocity  is  checked  and  it 
falls  lightly  on  the  heap  below.  The  pile  ot  ore  is  not  allowed  to  extend 
up  into  the  raise,  which  serves  only  as  a  passage  way.  The  storage  space 
is  long  enough  to  let  it  spread  into  a  loose  pile,  there  is  little  tendency  to 
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pack,  and  it  cannot  readily  arch.  Below,  there  are  several  doors.  If, 
when  loading,  the  ore  hangs  up  over  one  door,  the  car  is  moved  to  the 
next,  which  will  break  the  arch,  or  if  that  door  does  not,  to  the  third. 
The  bin  itself  is  usually  placed  in  solid  ground  and  requires  no  timber 
except  in  the  bottom.  The  narrow  chute  above  is  only  lined  m  heavj' 
ground,  and  then  usually  with  concrete.  Its  small  diameter,  from  3  to 
3j'^  ft.,  brings  this  expense  within  reason. 

Seven  chutes  have  been  lined  with  concrete.     One  which  has  been 
in  use  for  20  months,  needs  re-lining,  due  to  wear  by  sharp  ore.     This 
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Fio.  5. — Standard  Hadlaoe  Chute  . 
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chute  would  have  required  heavy  repairs  if  timbered,  both  to  provide 
against  outside  pressure  and  to  replace  the  lining.  In  re-lining,  a  thicker 
wall  of  concrete  will  be  used.     Other  chutes  are  only  slightly  worn. 

An  elaborate  storage  bin,  shown  in  Fig.  6,  was  built  on, the  400 
level  to  serve  a  large  aluminous  orebody  which  has  been  developed, 
but  not  yet  mined.  It  was  described  by  Joseph  P.  Hodgson,  Mine  Super- 
intendent of  the  Copper  Queen  mines,  in  a  paper  read  at  the  Salt  Lake 
meeting  of  the  Institute.*  A  large  tonnage  of  ore  is  tributary  to  it. 
which  is  so  sticky  that  extreme  measures  were  considered  necessary. 
>  Mioing  Methods  at  the  Copper  Queen  Mines,  Trons.,  riix,  316  (1914), 
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This  is  the  case  in  which  the  doors  are  put  underneath  the  center  of  the 
pile  of  ore.  There  is  an  opening  from  one  end  to  allow  the  loader  to 
climb  up  on  the  pile,  if  necessary,  for  inspection,  or  to  work  the  ore 
down.  A  %-in.  pipe  is  laid  in  the  concrete  lining,  to  serve  as  a  speaking 
tube  between  the  loader  and  the  trammer  above. 

The  ore  from  this  stope  had  formerly  been  dropped  from  the  200 
to  the  400  through  a  standard,  timbered  chute.     No  attempt  was  made 
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Fig.  6. — Czar  Orb  Pocket. 


to  use  the  chute  for  storage,  and  the  door  at  the  400  was  kept  open  by 
the  loader,  but  other  men  were  required  above  to  keep  the  chute  clear 
and  the  ore  moving. 

It  was  found  that  the  whole  capacity  of  the  storage  bin  could  not 
be  used,  the  weight  of  the  ore  packing  it  too  hard;  but  if  the  quantity 
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does  not  exceed  50  or  60  tons,  the  loading  is  rapid,  and  there  has  been  no 
accumulation  of  ore  in  the  concrete  chimney  at  any  time.  In  rebuilding 
it,  the  storage  chamber  would  not  be  made  so  high. 

The  timbered  chute  shown  in  Fig.  7  is  sometimes  used  successfully 
for  stopes.  The  half  bulkheads  partly  support  the  ore,  and  it  does  not 
pack  so  badly  in  the  bottom.  It  was  used  by  the  Cananea  Consolidated 
Copper  Co. 
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Side  EleYf^+ion 

Fig.  7. — Timbered  Chute. 


Sacramento  Selected  for  Hoisting  Shaft 

The  greatest  month's  production  prior  to  July,  1907,  had  been,  55,347 
dry  tons,  in  January,  1906,  or  1,910  tons  per  working  day.  It  was  not 
exceeded  until  March,  1912.  The  desired  capacity  of  the  plant  was 
assumed  to  be  60,000  tons  per  month,  or  about  2,150  tons  per  working 
day,  with  a  reasonable  margin  for  emergencies.    At  that  time,  the  mine 
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worked  alternate  Sundays,  and  three  sipfts  were  run  in  tramming  and 
hoisting. 

The  Sacramento  shaft  had  been  sunk  for  general  development  pur- 
poses, and  had  been  located  within  the  porphyry  intrusion,  to  avoid 
the  ore  zone  and  its  possible  movement.  It  was  selected  for  the  hoisting 
shaft  since  it  was  in  a  central  position  and  convenient  to  the  main  line  of 
the  railroad. 

It  was  928  ft.  deep  to  the  1,000  level,  and  had  three  compartments  4  ft. 
6  in.  by  5  ft.,  and  a  half  compartment  for  air  pipes,  etc.  Since  then,  it 
has  been  sunk  to  the  1,700  level  and  widened  to  five  compartments, 
making  two  for  skips,  two  for  cages  and  a  large  one  5  ft.  by  6  ft.  for  pipes 
and  cables. 

It  was  at  once  decided  to  use  skips. 

The  size  of  the  compartments  restricted  the  crossnaection  of  the  skip 
to  4  ft.  2  in.  by  3  ft.  3  in.  inside.  The  effective  capacity  fixed  upon  was 
60  cu.  ft.  It  was  thought  that  one  of  large  capacity  would  be  too  long, 
and  that  the  bottom  layer  of  ore  might  be  packed  so  hard  by  the  fall 
into  the  skip  and  the  weight  of  a  high  column  of  ore  upon  it,  that  it  might 
stick.  This  has  sometimes  been  the  case  with  the  size  adopted.  The 
average  skip  load  in  April,  1915,  was  8,117  lb.  of  wet,  or  7,459  lb.  of  dry 
ore.  The  moisture,  8.11  per  cent.,  is  the  lowest  in  years,  the  average 
would  be  nearer  12  per  cent. 

There  would  be  no  difficulty  in  raising  much  more  than  the  quantity 
of  ore  assumed,  when  it  runs  freely,  even  with  small  skips.  When  it  does 
not,  large  skips  are  of  no  particular  advantage. 

The  uncertain  factor  was  the  rate  at  which  ore  could  be  drawn  from 
the  storage  bins,  which  are  necessary  when  skips  are  used.  The  experi- 
ence with  bins  had  not  been  particularly  successful.  Attention  was 
therefore  concentrated  upon  providing  facilities  for  rapid  loading,  and  to 
give  loaders  the  maximum  time  for  work  at  the  loading  door. 

The  size  of  the  skips,  power  and  efficiency  of  the  hoist  and  economy 
of  rope  wear  are  interdependent.  Conditions  favorable  to  one  are  usually 
opposed  to  efficiency  in  the  other. 

A  larger  skip  requires  a  more  powerful  and  expensive  engine,  the 
efficiency  of  which  is  less,  due  to  less  continuous  hoisting  for  the  assumed 
tonnage,  and  greater  condensation.  There  might  be  a  small  saving  in 
rope  expense,  as  the  skips  would  make  fewer  trips. 

Maximum  efficiency  in  ropes  would  be  obtained  by  larger  drums,  or 
drums  long  enough  to  avoid  two  layers.  Larger  drums  require  larger 
cylinders  and  again  an  engine  more  costly  and  less  efficient.  There  is 
no  great  advantage  in  the  use  of  larger  drums  unless  they  are  large  enough 
to  hold  the  rope  in  one  layer. 

The  capacity  of  the  skips,  the  proportions  of  the  engine,  and  diameter 
of  the  ropes  were  arrived  at  by  one  of  those  compromises,  which  must  be 
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SO  frequently  made  in  balancing  an  advantage  against  its  complementary 
disadvantage. 

Reports  of  the  steam  economy  of  compound  engines  operating  in 
South  Africa  had  been  received,  and  after  thorough  investigatioa  by 
John  Langton,  Consulting  Mechanical  Engineer  for  the  company,  a 
duplex,  tandem-compound,  condensing,  first-motion  engine  was  pur- 
chased from  the  Nordberg  Manufacturing  Co.  The  conditions  were  not 
the  most  favorable  for  a  compound  condensing  engine,  as  the  depth  of 
the  center  of  gravity  of  production  in  1906  was  only  670  ft.,  but  it  was 
expected  that  the  depth  of  hoisting  would  increase.  The  center  of  gravity 
of  production  is  now  970  ft.  below  the  collar. 

The  plant  is  driven  by  steam  at  150  lb.  power-house  pressure,  trans- 
mitted 619  ft.  through  a  5-in.  main.  The  steam  leaves  the  power  house 
with  75°  F.  of  superheat.  The  engine  can  lift  an  unbalanced  load  of 
17,000  lb.  Its  speed  is  rated  at  2,000  ft.  per  minute.  The  reek  hold 
2,100  ft.  of  li-in.  rope  in  two  layers.  The  cylinders  are  18  in.  and  28  in. 
in  diameter  by  48-in.  stroke. 

Most  of  the  details  are  of  standard  Nordberg  design,  but  there  are 
three  unusual  features: 

The  operation  of  the  auxiliaries. 

The  regulation  of  pressure  on  the  low-pressure  cylinders. 

The  condensing  system. 

Auxiliaries  Actuated  by  Oil  under  136  lb.  Pressure, 

When  steam  is  used  by  the  auxiliaries,  which  operate  brakes,  clutches, 
etc.,  it  constitutes  an  important  percentage  of  the  total  power  used  by 
the  engine.  The  condensation  is  great  and  continuous,  and  since  the 
controlling  valves  can  have  no  lap,  but  must  be  set  "line  and  line,"  it  is 
impossible  to  avoid  leakage  as  well.  The  steam  consumption  by  auxilia- 
ries in  a  simple  engine  running  at  capacity  is  rarely  less  than  14  per  cent, 
of  the  total.  If  the  engine  runs  intermittently,  the  proportion  used  by 
the  auxiliaries  is  correspondingly  greater.  In  a  more  efficient  engine,  the 
steam  for  auxiliaries  remains  the  same  and  is  also  a  greater  proportion  of 
the  whole. 

In  this  engine,  throttle,  clutches,  brakes  and  reverse  are  actuated  by 
oil  under  a  pressure  of  135  lb.  and  controlled  by  poppet  valves.  The  oil 
dischai^ed  from  the  auxiliaries  is  pumped  back  into  an  accumulator  by  a 
triplex  pump,  with  plungers  2^6  ^'  Ui  diameter  by  4-in.  stroke,  which 
are  driven  by  eccentrics  on  the  valve-gear  shaft.  When  the  accumulator 
plunger  is  raised  to  its  highest  position,  the  oil  is  bypassed  to  a  reservoir. 
When  hoisting  from  the  upper  levels,  the  pump  is  too  small  and  a  relay 
steam  pump  which  cuts  in  when  the  accumulator  plunger  is  below  a 
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certain  point  runs  most  of  the  time.     This  method  is  entirely  satis- 
factory, and  the  engine  control  is  sensitive,  positive,  and  efGcient. 

The  operating  levers  arc  arranged  in  a  standard  manner  (Fig.  8) 
first  used  on  the  Frazer  and  Chalmers  20  by  48  in.  engine  at  the  Spray 
shaft.  All  the  large  hoists  are  controlled  by  levers  on  this  plan.  There  is 
a  great  advantage  in  having  all  engine  levers  in  relatively  the  same  posi- 


Fio.  8. — Ttpical  Hoibt-Lbver  Oferatiko  Systeu. 

tion,  acting  by  the  same  motion.     Engineers  can  be  transferred  from  one 
hoist  to  another  without  danger  of  confusion. 


Pressure  on  Low-pressure  Cylinder  AutoTnaiicaUy  Regidaled 

A  lai^e  steam-jacketed  receiver  is  placed  between  the  high-  and  low- 
pressure  cylinders,  in  which  pressure  is  maintained  at  20  lb.  by  an  auto- 
matic valve,  through  which  steam  is  bypassed  from  the  high-pressure 
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main  to  the  receiver,  when  the  throttle  is  closed.  Thus,  the  engine  has 
pressure  on  all  cylinders  when  starting,  and  picks  up  smoothly  and  quickly 
instead  of  needing  a  stroke  or  two  to  reach  a  working  pressure  in  the 
low-pressure  cylinders.  When  the  throttle  is  opened,  the  bypass  is  shut 
off  and  the  pressure  in  the  receiver  drops  to  that  dependent  on  the  load, 
speed,  etc.  When  it  is  desired  to  hoist  with  great  speed,  quicker  accelera- 
tion may  be  obtained  by  adjusting  the  reducing  valve  to  raise  the  receiver 
pressure. 

Condenser  Operates  under  Severe  Conditions 

The  engine  has  Corliss  valves,  with  automatic  cutoff  regulated  by  a 
governor.  Severe  conditions  are  imposed  on  the  condenser  by  the 
irregular  use  of  steam.  During  the  first  two  or  three  strokes,  while  the 
engine  is  starting  the  load,  steam  is  taken  nearly  full  stroke,  while  at  the 
end  of  the  trip  the  cutoff  may  be  at  Ko  stroke.  In  order  to  condense  this 
sudden  rush  of  steam,  a  large  reservoir  of  cold  water  is  provided  in  the 
"Rain  Type"  Nordberg  condenser  cylinder,  into  which  the  steam  is 
exhausted,  by  a  series  of  shallow  flat  trays  filled  with  water.  Constant 
streams  of  water  are  poured  into  them  which  over-flow,  rain  down  to  the 
bottom  of  the  cylinder  and  finally  run  off  by  gravity  against  the  vacuum, 
to  the  cooling  tower,  from  which  it  is  re-pumped.  A  900-gal.  rotary 
pump  is  used  for  circulating  the  water  and  a  19  by  18  in.  vacuum  pump, 
both  belted  to  20-h.p.  220-volt  alternating-current  motors  which  run  at 
constant  speed.  The  temperature  of  the  water  at  present  (June,  1915), 
is  84°  F.  when  entering  and  96°  F.  when  leaving  the  condenser.  The 
barometer  stands  at  approximately  25  in.  The  vacuum  drops  to  16^ 
or  17  in.  at  the  beginning  of  a  trip,  but  rises  to  20  or  20^^  in.  The  man 
engine  also  runs  condensing  and  exhausts  into  the  same  system,  which 
was  increased  in  capacity  by  large  pumps  and  a  second  condenser  when 
the  man  engine  was  added. 

Hoisting  Speed  1,300  to  1,600  ft.  per  Minnie 

In  order  to  insure  continuity  of  operation  under  all  conditions, 
the  low-pressure  cylinders  are  built  to  stand  high-pressure  steam.  The 
receiver  pressure  can  be  built  up  to  150  lb.  and  the  engine  operated  as  a 
simple  engine  with  cylinders  28  by  48  in.  stroke.  This  makes  it  an 
engine  of  great  power  for  emergency  use,  as  for  instance,  hoisting  un- 
balanced, but  at  a  sacrifice  of  efficiency. 

The  engine  governor  is  set  for  a  rope  speed  of  1,300  ft.  per  minute 
when  hoisting  from  the  1000  level  or  a  level  above,  but  by  shifting  the 
governor  belt  to  another  pulley,  a  speed  of  1,600  ft.  is  used  for  greater 
depths.    When  production  is  increased,  both  speedy  are  raised.    It  is 
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preferred  to  run  the  hoist  at  as  regular  and  slow  a  rate  as  will  con- 
veniently hoist  the  ore. 

Round  Rope  on  Grooved  Drums  Now  Used 

Round  ropes,  1  Ji  in.  in  diameter,  in  two  laps  are  used  on  reels,  which 
are  7  ft.  in  diameter  by  5  ft.  face.  The  drums  were  made  without  groov- 
ing at  first,  as  it  was  uncertain  what  ropes  were  best,  a  high-grade  rope 
1 J^  in.  in  diameter  or  IJ^  in.  rope  of  less  tensile  strength.  The  ropes 
began  to  cut  into  the  drum  in  an  irregular  curve.  They  were  grooved  in 
April,  1914,  to  a  depth  of  ^e  ^f  leaving  the  diameter  of  the  drums  at 
the  bottom  of  the  grooves  83%  in. 
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Fig.  9. — Lead  and  Fleet  Angles,  Sacramento  Ropes. 


Fig.  9  shows  the  relative  positions  of  drums  and  sheaves  to  shaft. 
The  ground  back  of  the  shaft  was  cut  out  as  far  as  practicable  to  get  a 
reasonably  long  lead  from  the  sheaves. 

The  fleet  angles  are  unequal,  and  from  the  sheave  line  to  the  out- 
side of  the  drum  is  1**  33'.  This  would  be  considered  excessive  in  certain 
districts,  the  copper  country  of  Michigan  for  instance,  but  accepted 
practice  in  other  places  permits  an  angle  of  1°  55'.  The  original  attach- 
ments of  the  ropes  were  at  the  outside,  or  clutch  side,  of  the  drums. 
There  was  sufficient  angularity  in  the  pull  from  the  sheave  to  draw  the 
laps  apart  and  leave  openings  into  which  the  second  layer  of  rope  dropped. 
The  winding  was  irregular  and  rough,  and  the  wear  excessive.  Other 
sockets  for  rope  attachment  were  cut  on  the  inside  of  the  drums,  and  the 
trouble  ceased.     The  angular  pull  tends  to  hold  the  laps  together  in- 
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stead  of  separating  them.  When  the  drums  were  grooved,  the  ropes 
were  again  attached  at  the  outside,  since  the  active  part  of  the  rope  would 
be  nearest  the  sheave  line,  and  the  fleet  angle  smaller.  There  is  heavy 
side  friction  on  the  rope  when  the  last  laps  of  the  second  layer  are  wound 
on.  If  attached  at  the  inside  of  the  drum,  the  grooving  would  carry  it 
to  the  outside  without  so  much  friction  as  if  winding  against  a  rope. 
On  the  second  layer,  the  pull  of  the  rope  would  again  tend  to  separate 
the  laps  and  reduce  the  side  friction  of  rope  against  rope.  Soft^teel 
wedge-shaped  fillers  lift  the  rope  out  of  the  inside  groove,  high  enough 
to  wind  back  on  the  first  layer. 

No  difference  has  been  noticed  in  the  wear  of  the  under  or  over 
wind.  If  there  is  a  reasonable  distance  between  sheave  and  drum, 
there  should  be  none. 

The  sheaves  are  7  ft.  in  diameter,  and  are  lined  with  leather.  Wood 
lining  broke  down  rapidly.  Cast-steel  idlers  support  the  ropes  between 
sheaves  and  drums  to  reduce  slapping.  They  are  cast  thin  and  the 
flanges  machined  to  make  them  still  thinner  and  lighter. 

The  ropes  are  attached  to  the  skips  by  thimbles  and  six  Crosby 
rope  clamps.  Once  every  four  weeks,  6  or  8  ft.  is  cut  off  the  end  of  each 
rope  to  change  the  points  of  maximum  wear. 

The  shaft  is  usually  dry.  In  the  wet  season,  a  little  acid  water 
seeps  in,  but  no  corrosion  has  been  discovered. 

A  few  years  ago,  Mr.  Duncan,  Agent  of  the  Cleveland^Cliffs  Iron 
Co.,  kindly  furnished  rope  records  from  the  Lake  shaft  hoist,  which  has 
7-ft.  drums,  9-ft.  sheaves  and  uses  3H-ton  skips,  but  with  only  one 
layer  of  rope  on  the  drum. 


Table  III. — Data  on  Hoisting  Ropes 

Cleveland-diffs      Copper  Queen 

Diameter  of  drum,  feet 7  7 

Diameter  of  sheave,  feet 9  7 

Length  of  rope,  feet 1,800  4,000  (2  ropes) 

Diameter  of  rope,  inches IJi  IJi 

Weight  of  skip,  pounds 4,000  6,350 

Weight  of  ore,  pounds 7,000  7,400  (dry) 

Weight  of  rope,  maximum,  pounds 1,347  3,880 

Ore  and  rock  hoisted,  tons 700,000  395,669  (dry) 

Depth  of  average  hoist,  feet 550  970 

Depth  of  maximum  hoist,  feet 550  1,550 

The  Copper  Queen  rope  averages  do  not  include  those  ropes  which 
were  obviously  unsuited  to  the  conditions. 

The  ratio  of  rope  to  drum  diameter  Is  1 :  67.2.  The  experience  of 
the  Cleveland-CliflFs  Iron  Co.  indicates  that  good  service  may  be  ol>- 
tained  with  that  ratio. 
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The  rope  cost  on  the  Copper  Queen  ropes  in  the  above  comparison 
was  0.3  c.  per  dry  ton.  The  ore  contained  about  11  per  cent,  moisture 
during  the  time  covered  by  the  records. 

From  the  above  comparison,  the  life  of  a  rope  is  increased  75  per  cent, 
by  the  use  of  one  lap  instead  of  two,  and  the  cost  for  ropes  at  the  Sacra* 
Diento  shaft  would  have  been  in  consequence,  0.17  c.  instead  of  0.3  c. 
This  would  represent  a  saving  in  rope  in  an  average  year  of  about  $1,000. 
In  order  to  obtain  this  saving,  the  cost  of  the  engine  would  have  been 
approximately  $15,000  greater,  and  it  would  be  less  efficient.  A  geared 
hoist  would  avoid  some  of  these  objections,  but  would  introduce 
others. 

The  greatest  tonnage,  549,324  dry  tons,  was  hoisted  by  a  pair  of 
flattened  strand  ropes  with  Lang  lay.  The  cost  was  0.277  c.  per  dry 
ton.  The  increase  in  wearing  surface  provided  by  flattened  strands  is 
very  noticeable.  In  winding  on  a  smooth  drum,  the  contact  between 
two  consecutive  laps  is  made  by  a  rubbing  motion.  In  the  ordinary  lay, 
the  outside  wires  which  touch  are  parallel  with  the  length  of  the  rope  at 
the  point  of  contact,  and  the  rough  surfaces  of  the  projecting  strands 
bear  against  each  other  when  the  rope  comes  down  against  the  last 
wrap.  With  the  Lang  lay,  they  are  inclined  to  the  line  of  the  ropo 
and  each  other,  and  the  friction  is  reduced. 

These  conditions  are  of  paramount  importance  when  two  layers  are 
wound  on  a  drum,  since  the  bearing  of  the  second  lap  is  entirely  rope 
against  rope,  and  there  is  at  the  best  a  good  deal  of  sliding  of  one  rope 
on  another.  The  external  wear  only  need  be  considered,  internal  wear 
is  of  no  consequence  in  comparison.  Efficient  lubrication  on  the  out- 
side of  the  rope  is  of  great  benefit. 

This  question  is  treated  in  some  detail,  because  it  was  found  very 
difficult  to  obtain  information  on  the  effect  of  small  drums  and  two 
layers  of  rope  on  the  cost  of  hoisting.  It  was  of  course  recognized  that 
the  wear  would  be  increased,  but  to  what  degree  it  would  increase  the 
cost  could  not  be  ascertained. 

Underground  Storage  Bins  Have  Loading  Hoppers 

The  storage  bins  at  the  haulage  levels  were  at  first  made  of  standard 
design.  The  only  attempt  to  avoid  the  difficulties  fornierly  experienced 
with  bins  was  to  make  them  comparatively  small  to  avoid  pressure. 

Attention  was  particularly  directed  toward  giving  the  loader  as  much 
time  as  possible  to  poke  the  chute.  This  was  done  by  putting  measur- 
ing hoppers  holding  one  skip  load  each  below  the  bins,  which  could  be 
loaded  at  any  time  while  the  skip  was  in  motion  and  tripped  into  the  skip 
when  it  reached  the  loading  position.  When  hoisting  in  balance  at  the 
maximum  rate  expected,  a  skip  per  minute,  and  allowing  15  sec.   for 
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tripping  the  hopper  and  ringing  off  the  skip,  each  loader  has  1%  min. 
to  load  the  hopper. 

When  starting  the  plant,  it  was  found  at  once  that  the  customary 
bin  was  not  satisfactory.  Not  more  than  half  the  requisite  speed  could 
be  attained.  The  800-level  bin  was  altered  to  one  of  the  present  type, 
but  of  small  size,  40  tons  capacity.  As  soon  as  it  was  found  successful, 
the  400  and  600  bins  were  rebuilt  but  on  a  larger  scale.  Their  capacity 
is  90  and  100  tons.     The  three  lower  bins  are  about  the  same  size. 

The  bin  as  reconstructed  consists  of  two  parts,  an  upper  chamber  for 
storage  and  a  lower  part  open  in  front  which  acts  as  a  slide  to  the  gates. 
The  horizontal  opening  at  the  bottom  of  the  storage  chamber  is  4  by 
8  ft.,  large  enough  to  prevent  arching,  but  small  enough  to  carry  the 
weight  of  the  ore  in  storage  without  permitting  it  to  exert  much  pressure 
on  the  ore  resting  against  the  gate.  The  front,  immediately  below  the 
contraction,  is  open  for  an  added  relief  against  pressure  as  the  ore  is  free 
to  take  its  natural  slope. 

This  principle  has  since  been  used  in  a  260-ton  bin  for  the  400  level, 
which  is  shown  in  Figs.  10  and  11,  together  with  a  standard  wooden  bin. 
In  this  case,  the  excavation  was  made  circular  and  lined  with  concrete 
lightly  reinforced.  The  conical  bottom  is  armored  with  rails  set  in  the 
concrete.  It  has  been  found  necessary  to  protect  the  concrete  against 
erosion  when  hard  ore  is  stored,  but  only  where  the  ore  strikes  on  rebound- 
ing from  the  inclined  plane  at  the  bottom  of  the  chimney. 

It  was  not  known  at  first  how  large  the  hole  in  the  bottom  of  the  cone 
should  be.  It  was  accordingly  made  6  ft.  in  diameter,  with  the  expecta- 
tion of  enlarging  it  if  necessary.  It  has  since  been  cut  out  to  7  ft.  4  in., 
which  appears  to  be  the  correct  proportion  to  protect  the  ore  below  from 
excessive  weight  and  still  prevent  arching.  This  storage  bin,  although 
much  larger  than  the  others,  handles  muddy  ore  equally  well. 

As  finally  constructed,  the  large  bin  was  built  on  the  opposite  side  of 
the  shaft  from  that  shown  in  the  drawing. 

Arc  doors  are  generally  used,  30  by  16  in.  in  size,  with  good  results. 
The  slight  extra  labor  of  operation  is  balanced  against  the  higher  cost  for 
installation  and  maintenance  of  power  doors,  which  are  only  used  at  the 
large  concrete  bin  at  the  400  level. 

Below  the  doors  are  the  loading  hoppers  (Fig.  12)  which  hold  58 
cu.  ft.  each,  or  one  skip  load.  The  flat  counter-weighted  bottom  is  hinged 
at  the  rear  and  held  shut  by  tension  bars  on  each  side  extending  up  to  a 
shaft  which  is  turned  by  hand  levers.  It  dumps  quickly  and  locks  posi- 
tively, as  the  tension  bars  are  turned  past  the  center  of  the  shaft.  The 
chute  beneath,  which  carries  the  ore  to  the  skip,  is  very  steep,  to  prevent 
sticking. 

The  operation  of  loading  is  very  rapid  under  ordinary  conditions. 
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Fia.  10. — 260<TON  Orb  Fockbt,  400  Lxvzi.. 
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FiQ.  11.— 26(Pton  Orb  Pocket,  400  Lbvxl. 


TRAMMING  AND   HOISTING   AT   COPPER  QUEEN  MINE 


1867 


The  time  required  to  dump  the  ore  into  the  skip  and  ring  it  off  rarely 
exceeds  12  see.,  and  frequently  not  more  than  10  sec. 

The  best  day's  record  is  3,899  wet  tons  in  three  shifts,  or  3,467  dry 
tons.     An  average  has  been  maintained  for  several  shifts  at  the  rate  of 
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Fio.  12. — Sacramento  Measuring  Hopper. 

433  skips  per  shift.  When  the  30  min.  for  lunch  and  the  time  estimated 
for  changing  levels  are  deducted,  it  makes  a  hoisting  rate  of  1.1  skip  per 
minute.  Two  loaders  are  required.  When  there  is  much  muddy  ore,  or 
when  hoisting  very  rapidly,  a  third  man  is  sometimes  used.  There  are 
still  occasions  when,  for  short  periods,  not  more  than  20  or  30  skips  per 
hour  can  be  hoisted. 


0 
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The  construction  of  skips  and  loading  mechanism  is  heavy  and  strong. 
There  have  been  few  delays  and  light  repairs. 

There  has  been  trouble  with  the  spillage  of  ore  while  loading.  The 
chute  through  which  the  ore  reaches  the  skip  is  so  steep  that  the  opening 
is  40  in.  high.  Even  if  the  skip  is  held  only  3  in.  below  the  bottom  of  the 
chute  when  spotted  for  loading,  there  is  an  opportunity  for  the  ore  to 
spread  in  falling,  and  for  some  of  it  to  fall  on  each  side  of  the  skip  rather 
than  in  it. 

A  screen  was  attached  to  the  side  bars  above  the  skip,  composed  of 
light  plates,  inclosing  three  sides  but  open  on  the  loading  and  dumping 
side.  It  reached  down  to  the  top  of  the  skip,  but  was  spaced  far  enough 
outside,  so  that  the  skip  could  turn  through  it  to  dump.  Since  there  was 
a  certain  amount  of  danger  in  adding  this  complication  to  the  skip,  and 
the  spillage  was  not  greatly  reduced,  it  was  removed. 

The  spilled  ore  falls  into  a  pocket  at  the  bottom  of  the  shaft,  from 
which  it  is  loaded  into  cars  and  hoisted  on  the  cage  to  the  16th  level  bin. 
It  amounts  to  about  17  lb.  per  skip,  or  0.21  per  cent,  of  the  ore  hoisted. 
It  results  partly  from  ore  falling  outside  the  skip  when  loading,  partly 
from  the  ore  which  hangs  up  in  the  slide  below  the  loading  hopper  and 
which  falls  after  the  skip  is  hoisted  and  partly  from  overloading.  If  the 
skip  does  not  dump  clean,  and  it  is  not  noticed,  there  may  be  enough  re- 
maining to  make  an  overload  when  the  next  charge  is  tripped  into  it. 
As  a  result  of  the  spill,  there  has  been  heavy  wear  on  the  timber  in  the 
hoisting  compartments. 

The  skips  had  originally  only  70  cu.  ft.  capacity,  and  not  suflScient 
ihargin  to  prevent  an  occasional  overload.  They  were  rebuilt  and  made 
to  hold  90  cu.  ft. 

The  skip  is  of  standard  Kimberly  type,  but  built  heavily.  The  dump- 
ing guides  on  the  surface  are  formed  of  angles  and  heavy  steel  castings. 
As  the  castings  wear,  thin  lining  plates  are  riveted  on. 

Ore  Loaded  into  Railroad  Cars  by  Belt  Conveyors  and  Trippers 

The  ore  is  dumped  into  a  small  bin  holding  about  12  tons,  from 
which  it  is  carried  to  the  railroad  track  below,  and  loaded  into  cars  for 
shipment  to  the  reduction  works.  The  arrangement  of  the  conveyor 
plant  is  shown  in  Figs.  13  and  14. 

A  36-in.  steel  pan  conveyor  forms  the  bottom  of  the  bin,  and  in 
transporting  the  ore  to  an  inclined  belt  equalizes  the  load.  The  re- 
ceiving bin  was  made  small  to  avoid  a  great  accumulation  of  ore  and 
consequent  packing.  It  is  now  apparent  that  a  larger  bin  would  have 
been  permissible  and  desirable. 

The  ore  falls  from  the  pan  conveyor  into  a  belt  loader  which  breaks 
its  fall  and  feeds  it  to  the  belt  in  the  direction  of  belt  travel  (Figs.  15 
and  16). 
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The  V-shaped  opening  at  the  bottom  of  the  pan  allows  the  fine 
material  to  reach  the  belt  first  and  form  a  bed  for  the  coarser.  The 
sides  of  the  "V"  are  movable,  and  may  be  spread  apart  to  widen  the 
opening  when  sticky  ore  is  hoisted. 

Great  diflSculty  was  encountered  in  obtaining  a  feeder  which  would 
not  clog  with  clayey  ores.  Even  as  it  is,  a  solid  mass  of  clay  has  ac- 
cumulated above  the  plunger,  the  full  width  of  the  feeder,  and  several 
feet  high,  with  the  plunger  still  running  ineffectively  behind. 

When  the  conveyor  plant  was  first  built,  the  ore  fell  from  the  pan 
conveyor  upon  the  unprotected  belt,  which  travelled  on  a  slope  of  15^. 
Boulders  of  ore  sometimes  bounded  down  the  incline  before  they  came  to 
rest  on  a  bed  of  finer  material.  When  the  feeder  was  put  in,  the  upper 
18  ft.  of  the  belt  was  depressed  to  a  horizontal  position,  and  the  bed  of 
ore  is  well  settled  before  it  reaches  the  incline. 


To  Dump  from  Conveyor  A  foC 
Screrr  inil  Puf/ey  of 
Conveyor  D  formrd 
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Fio.  14. — Portion  op  Sacramento  Conveyor  System. 

The  inclined  belt  A  (Figs.  13  and  14)  carried  the  ore  down  to  the  load- 
ing tracks,  passing  over  a  Blake-Dennison  weighing  machine  on  its 
way. 

It  is  supported  in  a  catenary  curve  to  reduce  the  height  of  the  trestle. 
This  is  now  recognized  as  a  mistake,  as  the  maximum  inclination  is  in- 
creased and  the  belt  cannot  be  run  taut  without  lifting  it  off  the  rollers 
when  it  is  run  empty,  or  with  a  light  load. 

The  line  of  the  incline  belt  crosses  four  railway  tracks  and  delivers 
ore  to  conveyor  C,  the  first  of  two  conveyors  parallel  with  them.  The 
ore  is  discharged  off  the  end  of  the  belt  and  falls  into  a  belt  feeder  similar 
to  that  at  the  shaft.  When  the  ore  is  to  be  carried  to  belt  B,  the  end 
pulley  of  the  short  belt  D,  the  bearings  of  which  are  supported  on  slides, 
is  screwed  back  by  hand  under  the  stream  of  ore  discharged  from  A. 
It  is  then  carried  by  the  short  conveyor  to  B  and  dumped  into  the  third 
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belt  feeder.    The  short  belt  thus  takes  the  place  of  a  tripper  on  a  con- 
tinuous belt  and  reduces  the  belt  cost. 

The  loading  belts  B  and  C  are  each  located  between  two  tracks, 
and  are  long  enough  to  load  seven  50-ton  cars  and  a  sample  car. 


^si^/Xf^. 
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Fig.  16. — Conveyor  Plunger  Feed. 


A  tripper  (Fig.  17)  moves  back  and  forth  constantly,  depositing  layer 
after  layer  of  ore  in  the  cars  below,  until  they  are  loaded  to  capacity  as 
shown  by  the  belt  scales.  At  one  end,  it  travels  a  few  feet  over  the 
eighth  car  and  this  is  taken  as  a  sample  of  the  lot.  When  the  first  lot 
is  full,  the  sample  car  is  switched  to  the  other  end  of  the  loading  shed 
and  attached  to  a  string  of  seven  cars  loading  from  the  other  conveyor. 
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and  the  sample  of  another  350  tons  is  dropped  into  its  opposite  end. 
Its  sample  therefore  represents  two  lots  of  ore  of  350  tons  each. 

The  belt  speeds  may  be  varied  from  240  to  360  ft.  per  minute,  but 
rarely  exceeds  300.  The  tripper  speed  is  from  150  to  190  ft.  per  min- 
ute, but  at  the  maximum  speed  of  the  belt  would  be  225.  It  travels 
back  and  forth  from  36  to  40  times  in  filling  a  lot,  depending  on  the 
weight  of  the  ore;  thus  depositing  from  72  to  80  layers  of  ore  in  the 
cars,  and  taking  half  as  many  samples  while  doing  so.  Although  each 
lot  may  be  of  widely  different  composition,  the  ore  in  each  car  or  in  each 
linear  foot  of  the  car  is  the  same  as  any  other  in  the  same  lot.  At  the 
smeltering  plant,  the  ore  is  dumped  into  pits,  one  lot  directly  on  the 
other,  until  a  bed  of  10,000  tons  is  made  up.  It  has  been  found  that 
when  loading  by  steam  shovel  from  one  end  of  this  bed,  the  ore  en- 
countered in  working  through  to  the  other  end  is  suflSciently  uniform 
in  composition  to  secure  good  metallurgical  results.  The  sampling 
is  also  suflSciently  accurate. 

In  its  travel,  the  stream  of  ore  from  the  tripper  crosses  a  spout  12 
in.  wide,  which  catches  a  sample,  splits  it,  returning  one-half  to  the 
car,  and  drops  the  remainder  into  a  heap  on  the  ground,  which  is  quartered 
down  and  assayed  for  quick  returns.  It  is  surprising  how  closely  this 
extremely  rough  sample  checks  with  the  smelter  returns.  Although 
there  is  considerable  variation  in  the  sample  of  individual  lots,  the  aver- 
age for  a  month's  run  is  rarely  more  than  0.1  per  cent. 

The  first  spout  tripper  was  not  positive  in  operation,  and  a  man 
was  needed  to  ride  on  it  to  keep  it  clear  when  loading  mud.  A  special 
tripper  was  built,  in  which  the  ore  is  discharged  upon  a  short  36-in.  belt 
running  at  right  angles  to  the  main  belt.  It  is  driven  by  a  small  re- 
versible motor  carried  on  the  tripper,  which  collects  its  power  from  a 
trolley  wire,  and  may  load  into  either  of  the  string  of  cars  spotted  be- 
low. The  spout  tripper  was  built  so  high,  to  secure  a  steep  incline  for 
the  spout,  that  it  was  unsteady  and  it  was  impossible  to  prevent  the  main 
belt  from  running  out  of  line  and  cutting  the  edges.  The  belt  tripper  is 
low  and  steady  and  the  main  belt  runs  more  truly  and  with  less  wear. 

The  tripper  belts  cost  0.266  c.  per  ton  of  ore  handled.  Now  that 
there  is  a  smaller  proportion  of  muddy  ore,  a  low  heavy  spout  tripper 
might  be  better.  Less  attention  than  before  would  be  needed  to  keep 
the  spouts  clear. 

The  inclined  belt  A  is  driven  by  a  30-h.p.  direct-current  variable- 
speed  motor  at  the  lower  end.  The  belt  travel  can  be  varied  between 
240  and  360  ft.  per  minute.  The  pan  conveyor  at  the  shaft  is  driven 
from  the  upper  pulley  by  a  sprocket  chain,  as  is  the  belt  feeder  also.  Belt 
D  is  also  driven  from  this  motor,  through  a  friction  clutch.  Very  little 
power  is  required,  except  to  start,  about  lOJ^  h.p.  with,  and  8  h.p.  with- 
out belt  D.     When  loaded  and  in  motion,  it  will  drift  so  far  that  it  is 
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equipped  with  a  brake  in  order  to  stop  it  quickly  when  necessary.  The 
two  loading  belts  B  and  C  are  driven  by  a  30-h.p.  variable-speed  direct- 
current  motor  at  the  far  end,  through  friction  clutches.  The  tripper 
belts  are  driven  by  5-h.p.  motors. 

The  trippers  are  pulled  back  and  forth  by  J^-in.  steel  cables  driven 
through  reversing  clutches,  geared  to  the  drive  shafts  of  the  belt.  But- 
tons on  the  rope  throw  the  clutches  over  at  points  of  reversal,  by  turn- 
ing the  three-way  valve  of  a  compressed-air  cylinder,  the  piston  of  which 
acts  on  the  clutch  levers.  The  buttons  and  points  of  reversal  may  be 
changed  quickly,  but  there  is  little  alteration  in  the  routine  and  it  is 
rarely  necessary.  The  operation  is  positive  and  very  satisfactory  since 
powerful  clutches  have  replaced  the  lighter  ones  formerly  used.  The 
conveyor  belt  passes  idly  through  the  tripper,  and  there  should  be  less 
wear  than  if  it  supplied  the  power  to  propel  it. 

The  control  of  the  whole  plant  is  located  on  a  platform  between  the 
loading  belts  and  near  the  incline.  Here  are  the  starting  switches  for  all 
motors,  brake  for  the  incline  belt,  and  levers  connected  by  cables  with  the 
clutches  at  the  driving  end  of  the  belt  conveyors.  The  belt  speed  is 
governed  by  the  speed  of  hoisting.  They  are  run  faster  when  hoisting 
from  the  upper  levels.  They  are  stopped  when  the  skips  are  delayed 
or  stopped  for  any  purpose.  The  conveyor  man  is  stationed  at  this 
point,  where  he  can  see  all  the  belts  and  everything  that  goes  on.  One 
Mexican  helper  oils  up  rollers,  chains,  pulleys,  etc.  Another  is  stationed 
at  the  shaft  to  look  after  the  loading  end.  A  mechanic  on  day  shift  has 
been  foimd  desirable  to  attend  to  current  repairs,  to  re-lace  belts,  etc. 
Other  men  are  required  from  time  to  time  to  make  more  extensive  repairs, 
clean  tracks,  attend  to  sampling,  etc. 

Many  changes  have  been  made  in  the  original  installation.  Belt 
feeders  have  been  added.  The  incline  belt  has  been  cut  in  two  to  elimi- 
nate a  tripper.  The  trippers  have  been  rebuilt.  The  control  of  the 
driving  mechanism  has  been  centralized.  A  roof  has  also  been  added  to 
protect  it  from  the  weather. 

The  ore  is  rough,  uncrushed,  and  very  hard  on  belts.  The  life  of 
belts  is  gradually  increasing,  due  to  improvements  in  the  plant  and  a 
better  understanding  of  the  conditions. 

Recently,  it  has  been  desired  to  screen  a  certain  class  of  ore  for  fettling 
in  the  reverberatory  furnaces,  and  to  supply  a  coarse  sulphide  for  pyritic 
smelting.  This  has  been  done  by  raising  the  discharge  end  of  belt  D  so 
that  the  ore  falls  against  a  screen  above  the  belt  feeder.  The  fine  ore 
falls  into  cars  directly  below,  the  reject  into  the  belt  feeder  and  makes  up 
a  regular  lot  and  sample  of  coarse  screened  ore.  SuflScient  for  present 
needs  can  be  screened  out  in  this  manner,  but  if  more  were  required, 
more  costly  changes  would  be  needed. 
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Increase  in  Underground  Storage  Capacity  Contemplated 

After  the  changes  in  the  shaft  storage  bins,  no  others  were  necessar}' 
to  reach  the  capacity  desired  or  increase  the  certainty  of  operation. 
Alterations  have  been  for  purposes  of  economy  or  convenience.  There 
have  been  few  delays  caused  by  accident,  and  none  which  stopped 
operations  for  more  than  a  few  hours. 

As  stated  above,  the  most  rapid  hoisting  in  one  day  was  998  skips, 
containing  3,467  dry  tons  of  ore,  in  three  shifts  of  7J^  hours  net  working 
time  each.  There  was  not  enough  ore  to  fill  out  the  third  shift  at  the 
same  rate  as  the  other  two.  The  rate  for  an  hour  or  two  has  exceeded 
this  considerably.  The  maximum  rate  for  any  month  was  in  February, 
1914,  when  65,901  dry  tons  were  hoisted  in  58  shifts,  or  1,136  per  shift. 
When  hoisting  at  this  rate,  the  shaft  bins  have  not  sufficient  storage 
capacity.  Time  is  wasted  in  changing  frequently  from  level  to  level  to 
avoid  blocking  the  haulage  motors.  It  is  to  prevent  this  that  the 
260-ton  bin  on  the  400  was  put  in.  Two  others  are  in  contemplation, 
which  would  increase  the  storage  capacity  to  1,350  tons.  The  hoisting 
capacity  of  the  shaft  would  be  increased,  and  there  would  be  fewer  delays 
to  electric  haulage. 

Compressed-Air  Hoists  for  Men  and  Timber  at  Most  Shafts 

The  engine  for  men  and  timbers  at  the  Sacramento  shaft  is  a  com- 
pound, two-cylinder  engine,  made  by  the  Nordberg  Manufacturing  Co.,  but 
drives  through  Wuest  herringbone  gears.  The  cylinders  are  18  in.  and 
30  in.  by  42  in.  stroke,  the  gears  are  32  in.  and  73  in.  in  diameter,  with 
drums  9  ft.  in  diameter  by  48-in.  face,  grooved  for  IJ^-in.  rope.  The 
brakes,  clutches,  etc.  are  actuated  by  oil  under  pressure  from  the  same 
accumulator  which  the  ore  hoist  uses,  and  in  a  similar  manner.  The  two 
triplex  pumps  to  supply  pressure  for  the  auxiliaries  have  plungers  21^16 
in.  in  diameter  by  6  in.  stroke,  but  the  oil  used  when  landing  several 
decks  is  more  than  it  can  supply.     Three-deck  cages  in  balance  are  used. 

I  Ij  When  ore  hoisting  was  transferred  to  the  Sacramento  shaft,  the 

Holbrook,  Spray  and  Lowell  steam  hoists  were  connected  up  to  drive  by 
compressed  air  from  the  central  power  plant. 

The  Gardner  hoist  was  at  first  driven  by  steam  from  the  power  house, 
delivered  through  a  5-in.  main,  920  ft.  long.  Upon  making  tests  on  the 
efficiency  of  hoisting  by  compressed  air,  the  latter  was  found  to  be  more 

^  economical,  and  it  is  now  driven  by  air  also. 

.;|  No  changes  were  made  in  the  engines  when  using  compressed  air. 

.  ^  The  cylinders  for  brakes,  clutches,  etc.  use  cold  air.     The  leakage  has 

*  ^j  been  less  than  when  hot  air  was  used  and  there  has  been  less  trouble  with 

i  packing. 


i 
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The  air  for  the  cylinders  is  heated  to  a  temperature  of  225°  to  275®  F. 
The  cylinder  of  the  heater  is  filled  with  heavy  high-test  oil,  which  flashes 
at  about  700°  F.,  and  is  inclosed  in  a  brick  setting  like  a  small  boiler. 
It  is  heated  by  a  small  coke  fire  under  the  front  part,  which  is  covered 
by  a  brick  arch  to  protect  the  oil  from  overheating.  The  gases  return  to 
the  stack  in  front  through  fire  tubes  in  the  lower  third  of  the  cylinder. 

The  air  makes  three  passes  through  the  cylinder  in  small  tubes.  An 
open  pipe  from  the  dome  carries  off  any  products  of  distillation.  The 
temperature  of  the  oil  ranges  from  250°  F.  to  275°  F.,  although  it  may  be 
carried  higher  without  undue  loss  of  its  lighter  elements. 

The  reheater  supplies  a  reservoir  of  heat  for  the  heavy  drain  on  the 
system  when  the  engine  is  starting,  and  does  not  over-heat  if  the  engine  is 
idle  for  a  short  time. 

At  the  Lowell  shaft,  the  air  is  heated  to  an  average  temperature 
of  250°.  The  air  consumption  there  is  estimated  to  be  30,000,000 
cu.  ft.  of  free  air  per  month,  at  a  gauge  pressure  of  92  lb.  In  the  past 
five  months,  the  consumption  of  coke  has  been  3.8  tons  per  month. 

The  oil  grows  slowly  thicker  by  the  gradual  loss  of  its  volatile  con- 
stituents. At  a  temperature  of  275°  F.  it  has  been  used  for  two  years 
before  getting  too  thick  to  circulate  freely  enough  to  keep  the  temperature 
of  the  whole  quantity  uniform,  and  avoid  overheating  a  part  of  it.  The 
usual  life  is  9  to  12  months.  When  too  thick  for  further  use,  it  makes  an 
excellent  rope  compound.  It  preserves  a  rubbery  consistency  without 
hardening  in  cold  weather,  and  does  not  melt.  In  fact,  it  has  to  be 
thinned  somewhat  before  the  rope  takes  it  well. 

Air  Stored  in  Six  Cylinders 

An  air-storage  system,  composed  of  six  cylinders  of  2,500  cu.  ft. 
capacity  each,  is  connected  by  a  24-in.  pipe  to  a  reservoir  above.  The 
reservoir  holds  4  ft.  of  water,  and  is  set  at  such  a  height  that  it  exerts  93 
to  91  lb.  pressure  on  the  tanks  as  it  is  full  or  empty.  A  drop  in  pressure 
from  93  lb.  to  91  lb.  will  empty  the  reservoir  and  fill  the  air  tanks  with 
water,  forcing  15,000  cu.  ft.  of  air  at  91  lb.  or  approximately  100,000 
cu.  ft.  of  free  air  back  into  the  system.  This  eases  the  variable  hoisting 
engine  load. 

Electric  Hoist  at  Czar  Shaft 

The  Czar  engine  was  an  old  steam  hoist  for  single-deck  cages,  built 
by  the  Union  Iron  Works,  in  San  Francisco,  about  30  years  ago.  The  gear 
shaft  was  lifted  out  of  its  bearings,  and  replaced  by  another,  geared  to  a 
112-h.p.  alternating-current  motor.  It  has  since  been  replaced  by  an 
electric  hoist  driven  by  a  225-h.p.  alternating-current  motor.  It  hoists  a 
double-deck  cage  at  800  ft.  per  minute,  but  it  is  usually  operated  in 
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balance.  It  is  driven  through  a  direct  line  from  the  power  house,  where 
there  is  sufficient  power  in  reserve  to  obviate  the  necessity  of  a  fly-wheel 
set  or  other  method  of  cutting  down  the  peak  load.  It  is  started,  how- 
ever, by  a  General  Electric  automatic  magnetic  controller,  to  prevent 
too  heavy  a  drag  at  the  time  of  acceleration. 

Brakes  are  operated  by  hand,  the  clutches  by  air  pressure.  Power 
for  the  latter  was  added  after  it  was  found  that  the  method  of  throwing 
them  by  hand  was  too  slow,  when  making  many  changes,  as  in  cage  hoist- 
ing it  is  necessary  to  do. 

Several  of  the  shafts  are  most  inconveniently  situated  for  waste  J 
disposal.  At  the  Czar,  Holbrook,  and  Lowell,  the  waste  is  dumped  I 
from  the  mine  cars  at  the  shaft  into  large  cars  holding  75  to  100  cu.  ft., 
which  are  pulled  out  to  the  waste  pile,  by  small  hoists,  and  dumped 
automatically.  One  of  them  is  pulled  up  an  incline  and  returns  by 
gravity,  and  one  runs  away  by  gravity  and  the  empty  car  is  pulled  back 
by  an  engine. 

Careful  tests  of  the  efficiency  of  different  methods  of  hoisting  were 
made,  the  conditions  governing  the  tests  being  shown  in  the  following 
paragraphs.     Comparative  results  of  the  tests  are  shown  in  Table  IV. 

Conditions  of  Hoisting  Tests 
Test  No.  1 

Double-drum  engine,  reels  7  ft.  diameter  by  5  ft.  face,  1  J^-in.  rope.  Driven  by 
duplex,  tandem  compound,  condensing  steam  engine,  with  Corliss  valves. 
Dimensions,  18  and  28  in.  by  48  in.  Cut-ofiF  by  governor.  Brakes,  etc., 
actuated  by  hydraulic  pressure,  condenser  and  circulation  pump  by  electricity 

Hoisting  33^-ton  skips  in  balance. 

Average  depth  of  hoisting  825  ft.;  maximum  depth  1,580  ft. 

Boilers  isolated  for  test  and  feed  water  weighed. 

Steam  main  5  in.  by  619  ft. 

Condensation  in  main  625  lb.  per  hour. 

Ore  weighed  on  conveyor  at  shaft,  on  Blake-Dennison  scales. 

Work  done  in  changing  levels  calculated  from  weight  of  skip. 

Test  No.  2 

Double-reel  flat-rope  engine,  ropes  j^  by  5}^  i^* 

Driven  by  a  20  by  60  in.  simple,  duplex,  non-condensing  engine,  with  Corliss 

valves.     Cut-off  by  governor.     Brakes,  etc.  actuated  by  steam.     Boilers  close 

to  hoisting  engine. 
Hoisting  triple-deck  cages  in  balance  from  a  maximum  depth  of  1,600  ft. 
Boilers  isolated  for  test  and  feed  water  measured. 
Ore  or  waste  weighed  on  scales  at  collar  of  shaft. 
Work  done  in  changing  levels  calculated  from  weight  of  cages,  etc. 
Steam  for  auxiliaries  was  generated  in  another  boiler,  and  amounted  to  16.1 

lb.  per  shaft  horsepower  hour,  making  a  total  consumption  of  111.6  lb. 
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Tesl  No.  3 

Double-reel  flat-rope  engine,  ropes  H  by  5H  in. 

Same  engine  as  No.  2,  and  same  hoisting  conditions,  but  engine  driven  by  com- 
pressed air. 

Air  measured  by  displacement  of  compressor  run  especially  for  this  engine. 
Allowance  is  made  for  volumetric  efficiency.  Transmission  losses  are  prac- 
tically all  leakage,  not  included,  since  the  proportion  chargeable  to  hoisting 
depends  on  the  quantity  of  air  passing  through  the  main. 

Air  heated  by  coke  heater. 

Auxiliaries  for  brakes,  etc.,  driven  by  cold  air. 

Ore  or  waste  weighed  on  scales  at  collar  of  shaft. 

Test  No.  4 

Double-reel  flat-rope  engine,  ropes  J^  by  5J^  in. 

Driven  by  a  21  by  60  in.  simple,  duplex,  compressed-air  engine,  with  Corliss 

valves.     Cut-off  by  governor. 
Hoisting  triple-deck  cages  in  balance  from  a  maximum  depth  of  1,032  ft. 
Air  measured  by  displacement  of  compressor  run  especially  for  this  engine, 

allowance  being  made  for  volumetric  efficiency  and  line  leakage,  which  was 

measured. 
Air  heated  by  coke  heater. 
Auxiliaries  for  brakes,  etc.,  driven  by  cold  air. 
Ore  or  waste  weighed  on  scales  at  collar  of  shaft. 

Test  No.  5 

Double-reel  flat-rope  engine,  ropes  ^  by  5H  ^^' 

Engine  driven  by  a  20  by  48  in.  simple,  duplex,  compressed-air  engine,  with 
Corliss  valves,  with  cut-off  by  governor. 

Hoisting  triple-deck  cages  in  balance  from  a  maximum  depth  of  943  ft. 

Air  measured  by  displacement  of  compressor  run  especially  for  this  engine,  allow- 
ance being  made  for  volumetric  efficiency  and  line  leakage,  which  was  measured. 

Air  heated  by  coke  heater. 

Auxiliaries  for  brakes,  etc.,  driven  by  cold  air. 

Ore  or  waste  weighed  on  scales  at  collar  of  shaft. 

Test  No.  6 

Double-reel  flat-rope  engine,  ropes  %  by  4  in. 

Engine  driven  by  a  16  by  42  in.  simple,  duplex,  compressed-air  engine_with 

CorUss  valves;  cut-off  by  governor. 
Hoisting  double-deck  cages  in  balance  from  a  maximum  depth  of  hoisting  645  ft. 
Air  measured  by  displacement  of  compressor  run  especially  for  this  engine, 

allowance  being  made  for  voliunetric  efficiency  and  line  leakage,  which  was 

measured. 
Air  heated  by  coke  heater. 
Auxiliaries  for  brakes,  etc.,  driven  by  cold  air. 
Ore  or  waste  weighed  on  scales  at  collar  of  shaft. 

Test  No.  7 

Double-drum   geared  engine   driven  by   225-h.p.   induction  motor.     Current 

three  phase,  2,200  v. 
Started  by  automatic  magnetic  control. 

Hoisting  double-deck  cages  in  balance  from  a  maximum  depth  of  417  ft.' 
Power  measured  by  wattmeters  at  power  house,  and  includes  line  losses. 
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Every  fifth  car  of  ore  or  waste  was  weighed  on  scales  at  the  collar  of  the  shaft. 

Equivalent  pounds  of  steam  and  cost  of  power  at  power  house  per  shaft  horse- 
power hour  are  high,  due  to  inefficient  turbines  at  power  house  and  also  low 
load  factor. 

Test  No.  8 

Conditions  similar  to  Test  No.  7. 


Table  IV. — Tests  on  Hoisting  Efficiency 


Test  Number 


Date  of  test 4-19-11    4-&-00 

Duration  of  test 8  hr.     i  7^  fax. 


2-18-12i  2-25-12 


2hr. 
4  min. 


Vacuum,  inches 19.8       I I 

Motive  power Steam       Steam   i      Air 


137 


125 


89 
205 


335.20        82.5 


Pressure  gauge,  pounds  ' 

Temperature,  •.  F ' 

Work  done,  shaft  horse-  , 

power   hours 897 .  46 

Power    consumed    per  ' 
shaft  horsepower  hour, 

hoist  alone I  29.08     i  95.5  1.489 

lb.  steam  lb.  steam    cu.   ft. 

!  free  air 

Including  condenser. . . '  31 .  94     | 

lb.  steam  | 

Including  line  loss I  34 .  29     i 

lb.  steam 

Including  auxiliaries.  .    34 . 29     '  111 . 6        

ilb.  steam  lb.  steam  | 
Including  reheating. . .  i 


1  hr. 
16  min. 


3-3-12 
49  min. 


Air 

89 
150 


Air 

87 
220 


6 


3-3-12  I  6-4-15 
30  min.       6  hr. 


8 


6-14-15 
3hr. 

30  min.     15  mia. 

I 


Air 

88 
200 


Electric-  Electric- 
ity ity 


45.94     >  22.13 


4.75        48.92       33.23 


1,966 

cu.  ft. 

free  air 


1.897  I      2,322 

cu.  ft.  •    cu.  ft. 

free  air  ,  free  air 


2.47 
'  kw-hr. 


2.93     I     2.6 
kw-hr.      kw-hr. 


1 1.602  I 

I     cu.ft.  ' 
I  free  air 
Equivalent     pounds 
steam  per  shaft  horse- 
power hour  at  power 
house 34.29      105.07        52.87 

I 

Cost  of  power  per  shaft  < 

horsepower  hour '  S0.0137i  SO. 03991  SO. 0288 


2,177 

cu.  ft. 

free  air 


2,037  I      2,494  i 
cu.  ft.  I     cu.  ft. 
free  air  ,  free  air 


71.84     I  67.22        82.30        82.04       72.8 

I 
SO. 0392    f0.0366    SO. 0448    SO. 0465    10.0416 


In  Test  No.  2,  the  111.6  lb.  of  saturated  steam  at  125  lb.  pressure  is  reduced  to  105.07  lb.  in  order  to 
make  an  equitable  comparison  in  eflBciency  of  all  tests.  In  all  other  tests,  the  equivalent  pounds  of 
steam  are  based  on  150-lb.  pressure  with  76**  F.  of  superheat,  which  ar&  the  power-house  conditioDS. 

In  Tests  Nos.  3,  4,  5,  and  6,  the  cost  of  re-heating  air  appears  as  an  amount  of  compressed  air  equal 
to  it  in  cost. 

In  Test  No.  7,  the  estimated  line  loss  is  3  per  cent. 

It  is  assumed  from  power-house  figures  that  33  lb.  of  steam  will  compress  1,000  cu.  ft.  of  free  air 
to  93  lb.  gauge. 

It  is  also  assumed  that  28  lb.  of  steam  at  the  power  house  generates  1  kw-hr.  at  the  power-bouse 
switchboard. 

The  cost  of  available  steam  at  power-house  is  45  c.  per  1,000  lb. 

The  cost  of  air  at  the  power-house  is  1.8  c.  per  1,000  cu.  ft.  of  free  air  compressed  to  93  lb.  gauge. 

The  cost  of  electricity  at  the  power  house  is  1.59  c.  per  effective  kilowatt-hour  at  the  power-house 
switchboard. 
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The  double-  and  triple-deck  cage  hoists  are  at  a  disadvantage  com- 
pared to  skip  hoisting,  since  two  or  three  lifts  of  6  to  8  ft.  must  be  made 
to  land  the  decks.  This  only  appears  as  so  many  feet  of  hoisting  in 
work  done,  but  it  means  getting  the  load  in  motion,  which  is  the  least 
eflScient  part  of  the  work,  twice  or  thrice  instead  of  once. 

This  is  exaggerated  in  the  case  of  the  Czar  hoist  by  the  shallow 
depth  of  hoisting.  It  will  be  noted  that  the  decrease  in  power  per 
shaft  horsepower  hour  in  test  No.  8  as  compared  to  No.  7  is  due  to  a 
greater  percentage  of  the  material  to  be  hoisted  coming  from  the  400 
level.  When  hoisting  from  that  level,  the  current  consumption  per 
shaft  horsepower  hour  was  2.29  kw.-hr.;  from  the  200  level  it  was  2.92 
and  from  the  100  level  4.6  kw.-hr.  per  shaft  horsepower  hour.  The 
record  of  this  test  is  not  representative  of  electric  hoisting,  and  is  in- 
cluded as  a  matter  of  interest  only.  Another  hoist  of  the  same  type  will 
shortly  be  erected  at  a  900-ft.  shaft,  and  further  tests  will  be  made. 

The  simple  steam  hoist  is  inefficient  at  best,  and  particularly  so 
in  intermittent  service,  which  does  not,  however,  particularly  affect 
either  the  compressed-air  hoist  or  an  electric  hoist  without  fly-wheel 
motor  generator. 

It  was  a  great  economy  to  be  able  to  use  the  hoisting  engines  as 
they  stood,  even  if  they  were  not  quite  so  efficient  as  those  especially 
designed  for  air. 

Table  V. — Ore  Haulage  by  Locomotive 

^914,  Four  Months. 

Cents  per  1916.  Cents 

Ton  per  Ton 

Train  labor 6.0  3.5 

Loading  labor 4.0  4.5 

Motor  maintenance 2.0  1.1 

Car  maintenance 2.2  1.3 

Trolley  maintenance 1.2  0.6 

Track  maintenance 2.0  1.4 

Transfer  chutes 2.2  2.8 

Power 1.3  1.3 

Miscellaneous 1.1  2.2 

Foremen  and  bosses 1.0  0.9 


23.0  19.6 

The  average  distance  trammed  per  car  in  1914  was  2,939  ft.,  returning 
empty. 

Car  repairs  are  rather  higher  than  normal,  since  the  equipment  is 
growing  old.     Most  of  the  cars  have  been  in  service  for  five  years. 

The  charge  for  labor  indicates  that  one  man  takes  care  of  three 
to  four  miles  of  main  trolley  line,  as  well  as  bonding,  and  a  proportion 
of  the  transmission  line  in  the  shaft.  Trolley  lines  in  heavy  ground 
require  much  attention. 


1882 


TRAMMING   AND   HOISTING   AT   COPPER  QUEEN  MINE 


Track  maintenance  includes  renewals  and  all  other  repairs.  One 
man  cares  for  IJ^  miles  of  track.  Track  and  trolley  extensions  are  not 
included.     In  1914,  this  amounted  to  5.3  c.  per  ton. 

In  1914,  1.2  c.  per  ton  were  spent  in  transfer-chute  construction,  and 
an  equal  amount  in  1915.  Much  permanent  work  has  been  done,  and 
future  costs  are  expected  to  be  lower. 


Table  VI. — Ore  Tramming  by  Hand  or  Mvle 


Labor 

Mules 

Car  repairs 

Track  repairs 

Miscellaneous 

Foremen  and  bosses . 


1914 

Four  MonthSr 
1016 

10.8 

9.5 

1.0 

1.3 

1.6 

1.3 

3.2 

3.3 

3.3 

2.8 

0.8 

0.8 

20.7 


19.0 


The  cost  of  hand  and  mule  tramming  is  so  intermingled  that  it  is 
impossible  to  separate  them.  Ore  is  trammed  194  ft.  by  hand  and  708  ft. 
by  mule.  All  new  light  track  is  charged  to  this  account,  whether  for 
new  drifts  or  replacements.     In  1914,  47,800  ft.  of  drift  were  driven. 


Table  VII.^— Ore  Hoisting^  Sacramento  Shaft 


I' 


i 


■■V     » 


% 
41- 


1914 


Total  Cost 


Power: 

Steam 

Electric 

Attendance: 

Engineers 

Oilers,  etc 

Skip  loaders . . . 
Cleaning  stations, 

Miscellaneous 

Hoist  repairs. 

Cage  repairs 

Ore  pockets 

Hoist  buildings. . . 

Ropes 

Total 

Tons  hoisted 


S12,632 .  12 
436.72 

0,OWt .  04 

3,017.44 

7,585.19 

214.30 

495 . 48 

8,702.82 

2,549.03 

1,537.01 

9.05 

3,252 .  43 

46,126.13 

659,102 


Cost  per 
Ton 


SO. 019 
0.001 

0.009 
0.005 
0.012 


0.001 
0.013 
0.004 
0.002 

0.005 
0.071 


Four  Months.  1915 


ToUl  CoBt 


1,848.25 

931.92 
1,844.18 


Cost  per 
Ton 


S4,216.43       $0,023 


0.010 
0.005 
0.010 


800.26 

0.004 

1,093.63 

0.006 

625.60 

0.003 

981 . 79 

0.005 

1.51 

586.39 

0.003 

12,929.96 

0.069 

185,179 
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The  cost  of  hoisting  is  divided  into  two  classes,  that  of  ore  hoisting 
at  the  Sacramento  shaft,  and  that  of  handling  men,  timbers,  and  waste 
rock  at  that  and  other  shafts. 

Table  VIII. — Conveyor-Plant  Costs 

Coat  per  Ton 


1914 

Power $0.0037 

Attendance 0.0122 

BeltB 0.0026 

Other  supplies 0.0007 

Repairs 0.0097 


Four  Months, 
1015 

$0.0027 
0.0129 
0.0068 
0.0008 
0.0078 


Cost  of  screening 


0.0289 
0.0015 


0.0310 
0.0021 


0.0274  0.0289 

The  rope  cost  includes  that  of  some  defective  ropes  on  which  a  credit 
is  expected. 

Belts  are  usually  charged  off  more  rapidly  than  they  wear  out.  A 
better  idea  of  the  cost  is  given  by  the  records  of  the  last  belts  on  each 
conveyor. 

Table  IX. — Conveyor-Belt  Records 


Belt 


B 


D 


Tripper 


Width,  inches 

Length,  feet 

Tonnage  handled 

Cost  per  ton,  cents 

Cost  per  ton  all  belts,  cents 


30 

30 

30 

30 

415 

700 

680 

60 

1,166,734 

1,070,363 

984,130 

353,621 

0.122 

0.242 

0.288 

0.087 
0.965 

36 

16% 

51,710 

0.226 


Cage  riders  were  not  customarily  employed  before  the  change  in  the 
hoisting  arrangement.  They  were  found  to  reduce  the  danger  of  shaft 
accidents. 

It  will  be  noted  in  Tftble  X  that  the  costs  at  the  shafts  handling  on  ore 
are  much  more  in  the  aggregate  than  those  at  the  Sacramento  shaft. 
They  are  necessary  evils,  to  be  held  down  to  the  lowest  terms. 

In  1907,  the  usual  equipment  for  a  producing  shaft  was :  First-motion 
double-reel  engine;  double-  or  triple-deck  cages;  single-drum  man  engine; 
single-deck  cage;  boiler  plant;  blacksmith  shop;  drill-  and  tool-sharpening 
shop;  timber-framing  mill;  drill  repair  shop. 

In  1916,  the  plant  is  reduced  to  the  first-motion  hoist,  to  which  an 
air  heater  has  been  added.  The  drill-  and  tool-sharpening  shop,  framing 
mill  and  drill  repair  shop  were  not  eliminated  by  the  change  in  hoisting 
methods,  but  followed  the  tendency  toward  centralization.     The  ex- 
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pense  for  surface  labor  has  been  reduced  in  proportion,  although  it  appears 
principally  as  a  credit  to  mechanical  labor  and  other  surface  accounts.  The 
fuel  consumption  has  been  approximately  cut  in  two,  although  the  change 
rooms  at  each  shaft  must  be  heated  by  independent  plants  instead  of  by 
exhaust  steam  from  the  engines. 

Table  X. — Cost  of  Handling  Men,   Timber  and  Waste  Rock 


Uncle   South- 
I  Sam  I  west 


Csar 


Hol- 
brook 


.Spray 


Gard- 
ner 


Powv: 

Steam I I l  $7,634'    $7,634  fO.Oll 


Sacra-; 
Lowelll  ^Si"    Totri  ,   |« 
I  Engine  I 


Air $1,100 

Air  reheaters 

Electric $744 


$1,472 


$2,667 

665 

71 


Labor: 

Engineen 

Oilers 

CagerB 

Cleaning  stations. . 

Miscellaneous 

Hoist  repairs 

Cage  repairs 

Rope  repairs 

Ore  pockets 

Hoist  buildings 

Rope  maintenance. 


$628  $6,540  $6.023! I    16.958    0.026 


158 


Oil 
747 


492 
234 


,...;      2,125;  0.003 
2431      3,512    0.004 


885  4.816:3,700 


730  2,404 


6,724|  1.387.  7.358  5,004  4.808'  33.779. 
1.662'  548  1.782  1.007  1.666  7.655 
808  0,233  5.421,  2,837|  31,861 


886  1,036 
12  250 
00    93 


115   376   687 


4.349  6.071 

329  133 

106 

2.416  1.475,     510     2.283     2,550 

2,035  8501     292'       756     1.641 


116 

511 

32 


3151 


1     1,701 


927 


1,642 

I  105 

1,695  12,860 

706  6,552 

183 

116 

I  511 

8,272 


113 


0.049 

o.on 

0.047 
0.002 

0.020 
O.OIO 


0.001 
0.005 


3,712:    9,352,    5.059  19.638:  4,456  31,687  24,976i  19,7021  128.582    0.189 


Four  Months,  1915 


Power: 

Steam 1,985 

Air 858 1,927     1,626 

Air  reheaters 327 229        246 

Electric 380        619  18 i       312  li , 


Labor: 

Engineers 766     1,216     1,848 2,209  1,266     1.172 

Oilen 544 i  ^541  654        546 

Cagers 640     1.600     1,621 '  2,036  1.216        992 

Cleaning  stations 176        116 43          87 

Miscellaneous 89 


1.985 

0.010 

4^11 

0.022 

800 

0.004 

1.329 

0.007 

8.478 

0  042 

2.284 

0.012 

8.106 

0.040 

422 

0.002 

Hoist  repairs 

Cage  repairs 

Hoist  buildings. . . . 
Rope  maintenance. 


283 
53 
23 

165' 


427 
845 
10  . 

442  ... . 
192  ... . 

466 
855 

699 
1.283 
27  . 
613 

77 
457 

104 

141  ... . 

626 

3 

89 
2.394 
3,185 

60 
1,653 


0.010 
0.015 

0.009 


2,310     4.497     6.196 9,244     7,717     5,232     35,196    0.173 


As  a  whole,  the  cost^  of  tramming  and  hoisting  have  not  been  reduced 
as  much  below  the  costs  of  1906  as  expected.  A  reduction  in  costs  due 
to  an  improvement  in  method  has  been  counteracted  by  the  gradually 
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increasing  area  of  operation  and  necessary  equipment.  If  a  comparison 
naight  be  made  with  former  methods,  developed  and  extended  to  cover 
the  present  work,  it  would  be  all  that  was  claimed  for  it  and  more. 

Although  a  saving  in  repairs  was  counted  upon  in  the  original  esti- 
mates, it  was  not  specified.  In  1914,  underground  repairs  cost  51.2  c.  per 
ton  and  in  the  first  four  months  of  1915,  40  c.  During  the  last  three 
months  of  1905,  they  cost  69.8  c.  for  labor  alone,  and  for  the  first  six 
months  of  1906  the  cost  was  62  c.  for  labor  and  supplies. 

Individual  shafts  are  not  so  vitally  essential  as  before.  In  1911,  the 
gases  from  a  mine  fire  rendered  the  Lowell  shaft  impassable  to  men 
between  the  800  level  and  the  surface,  for  about  five  months.  For  two 
months,  timber  and  supplies  were  lowered  and  waste  was  hoisted  through 
the  gas,  but  since  no  repairs  could  be  made,  a  guide  finally  broke  loose 
and  jammed  one  of  the  cages.  During  this  period,  workmen  were  lowered 
through  neighboring  shafts  and  ore  was  hoisted  as  usual.  Both  produc- 
tion and  costs  for  the  year  were  normal. 

The  writer  wishes  to  express  his  indebtedness  to  members  of  the  mine 
department  staff  for  assistance  in  collecting  data  used  in  this  paper;  W. 
Saben,  Chief  Clerk,  Charles  Legrand,  Consulting  Mechanical  Engineer, 
R.  E.  Cameron,  a  member  of  his  staff,  and  George  Mieyr,  Master 
Mechanic. 


TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revisionI 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  aboold  preferably  be  presented  in  person  at  the 
San  Frandsoo  meeting  September,  1015,  when  an  abstract  or  the  paper  will  be  read.  If  this  is  im- 
posaible,  then  disonMion  in  writinc  may  bip  sent  to  the  Editor,  American  Institute  of  Mining  Engineers, 
29  West  39th  Street,  New  York,  N.  Y..  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  spedal  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Nov.  1, 1915.  Any 
discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Pacific  Coast  Iron  Situation 
The  Iron  Ores  of  California  and  Possibilities  of  Smelting 

BT  CHARLES  GOLCOCK  JONES,  *  B.  S.,  LOS  ANGELES,  CAL. 
(San  Francisco  Meeting,  September,  1915) 

• 

In  any  discussion  of  this  very  large  subject  we  are  confronted  at  the 
outset  with  so  many  obstacles  that  at  best  only  a  fragmentary  and 
rather  disconnected  presentation  can  be  made  of  it,  and  my  hope  is  that 
building  from  the  few  facts  I  have  to  offer  a  more  complete  knowledge 
may  be  secured. 

In  the  whole  intermountain  and  Pacific  Coast  region,  west  of  Pueblo, 
Col.,  and  from  Canada  to  Mexico,  there  is  no  production  of  pig  iron,  and 
steel  production  is  confined  to  the  manufacture  of  a  small  amount  of 
open-hearth  steel  from  scrap.  When  we  consider  the  area,  the  resources, 
and  the  several  centers  of  population,  this  condition  seems  anomalous, 
even  in  the  face  of  every  counter  argument  as  to  cheap  water  transporta- 
tion, or  other  means  of  transport  from  the  Atlantic  Seaboard  or  from  the 
iron  and  steel  centers  of  the  Middle  West. 

This  comatose  condition,  if  such  a  term  may  be  applied,  is  certainly 
not  due  to  a  lack  of  all  the  essential  materials  and  factors  for  success  in 
iron  and  steel  smelting,  but  is  rather,  I  think,  due  largely  to  the  general 
fact  that  it  is  only  within  a  comparatively  few  years  that  the  centers  of 
population  on  the  Pacific  Coast  have  attained  a  size  that  would  entitle 
them  to  the  position  of  distributing  or  freight  centers,  or  that  the  *'back 
country"  has  been  enough  buUt  up  to  make  it  sufficiently  interesting 
to  the  railroads  to  foster  trade  from  the  local  centers  to  the  interior 
points  rather  than  seek  to  supply  such  local  centers  and  the  interior  by  a 
transcontinental  haul. 

Ore  Supply 

Mr.  Edwin  C.  Eckel,  in  his  monumental  work  on  Iron  Ores,  has  but 
little  to  say  concerning  the  Pacific  Coast  deposits.  He  mentions  (p.  269) 
those  of  Minaret,  Madua  County,  and  the  Eagle  Mountains,  Riverside 
County,  CaL,  *' perhaps  50  to  100  million  tons  each;"  the  deposits  in 
Shasta  County,  worked  for  the  electric  furnace  on  Pitt  River;  and 
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''ores  in  Oregon  and  Washington"  which  "have  been  slightly  de- 
veloped;" and  while  he  admits  that  (by  reason  of  unfavorable  condi- 
tions, as  to  labor  and  fuel,  for  the  manufacture  of  iron)  there  has  been 
comparatively  little  prospecting  for  iron  ores  in  the  Pacific  States^  he 
thinks  that  certain  geological  types  of  iron-ore  deposits,  which  have  been 
highly  productive  in  the  East,  are  probably  wanting  here — for  instance, 
sedimentary  beds  like  the  Clinton,  and  brown-ore  deposits  like  those  of 
the  Appalachian  region.  And  in  his  final  summary  of  American  iron-ore 
resources  (p.  349)  he  cites  Hayes'  estimate  of  126,000,000  tons  of  available 
ore  "for  the  Rocky  Mountain  and  Pacific  States;"  pronounces  it  too 
low,  since  Utah  alone  contains  more;  and  finally  puts  down  the  Western 
States  for  a  minimum  of  300,000,000  and  a  possible  maximum  of  700,- 
000,000  tons.  His  estimate  for  the  whole  United  States  being  6,200,000,- 
000  minimum  and  7,500,000,000  maximum,  the  proportion  assigned 
to  the  great  area  between  the  Rocky  Mountains  and  the  Pacific  is 
notably  small. 

Mr.  Eckel  does  not  cite,  in  his  Bibliography  of  California  deposits, 
Bulletin  503,  U.  S.  Geological  Survey,  by  E.  C.  Harder,  on  Iron  Deposits 
of  the  Eagle  Mountains,  published  in  1912.  In  the  light  of  the  Harder 
report  on  the  Eagle  Mountains  and  other  data,  I  think  the  Eckel  esti- 
mate of  from  300,000,000  to  700,000,000  tons  can  be  safely  applied  to 
the  Pacific  States  alone,  excluding  the  tonnages  of  Utah  and  the  other 
Rocky  Mountain  States;  and,  from  our  present  knowledge,  most  of  it  is 
in  Southern  California. 

At  the  annual  meeting  of  the  American  Mining  Congress  held  in  Los 
Angeles  in  1910,  the  writer,  in  an  address  on  the  subject  of  Iron  Ores  of  the 
Southwest,  called  attention  to  the  large  available  deposits  of  high-grade 
iron  ore  in  southern  California  and  adjacent  territory^  and  previously 
in  the  Engineering  and  Mining  Journal  of  April  17,  1909,  had  described 
technically  the  iron  deposits  in  the  Providence  Mountains  of  San  Ber- 
nardino County,  California.  The  U.  S.  Geological  Survey  published  in 
1908,  Bulletin  338  on  The  Iron  Ores  of  the  Iron  Springs  District,  Southern 
Utah,"  and  in  1912,  Bulletin  503,  Iron  Deposits  of  the  Eagle  Mountains, 
California.  Descriptions  of  various  other  iron  deposits  are  scattered 
through  technical  publications. 

Epitomizing  the  subject  in  1910, 1  came  to  the  conclusion  that  there 
are  200,000,000  tons  of  available,  high-grade  iron  ore  and  double  that 
amount  of  probable  ore  in  southern  California.  In  addition  to  this  an 
equal  amount  can  be  counted  on  from  Lower  California  and  Mexico, 
which  will  naturally  seek  an  outlet  to  the  northward. 

This  estimate  does  not  include  the  Utah  deposits. 

In  1908  and  1909,  the  late  Edward  H.  Harriman  acquired  the  Eagle 
Mountain  iron  deposits,  in  Riverside  County,  50  miles  north  of  Mecca,  a 
station  on  the  Southern  Pacific  Railroad,  140  miles  east  of  Los  Angeles, 
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with  the  publicly  avowed  intention  of  establishing  a  steel  works  at  Los 
Angeles.  The  U.  S.  Geological  Survey  states  as  a  "moderate  estimate" 
that  there  are  60,000,000  tons  of  iron  ore  in  this  deposit.  Later,  what 
is  known  as  the  Cave  Canyon  iron  deposit,  200  miles  east  of  Los  Angeles 
on  the  Salt  Lake  Railway,  containing  20,000,000  tons,  was  bought  by 
the  same  interests.  The  untimely  death  of  Mr.  Harriman  in  1909  put 
a  damper  on  further  development,  and  his  vision  is  yet  to  be  realized. 

Near  Kelso,  236  miles  east  of  Los  Angeles,  is  the  Vulcan  iron  deposit, 
containing  from  6,000,000  to  10,000,000  tons  of  high-grade,  soft  hematite 
ore  of  Bessemer  grade. 

In  the  Kingston  Mountains  at  the  California-Nevada  line,  north  of 
the  Salt  Lake  Railway  are  other  large  deposits. 

The  Colorado  Fuel  &  Iron  Co.  owns  a  deposit  of  12,000,000  tons  10 
miles  west  of  Silver  Lake  on  the  Tonopah  and  Tidewater  Railway. 

There  are  large  amounts  on  the  Santa  Fe  Railway  in  San  Bernardino 
County  south  of  Newberry,  north  of  Amboy  and  south  of  Blythe  Junc- 
tion, and  numerous  other  deposits  are  known  in  the  desert  region.  The 
three  most  practically  available  deposits,  viz.:  the  Eagle  Mountain,  Cave 
Canyon,  and  Providence  Mountain  deposits,  represent  an  aggregate 
tonnage  of  125,000,000  tons,  and  have  the  characteristics  necessary  to  the 
best  possible  furnace  mixture  for  economical  smelting.  These  ores  run 
from  4  to  10  per  cent,  higher  than  standard  Lake  Superior  iron  ores.  The 
bulk  of  the  tonnage  is  within  the  Bessemer  limit  in  phosphorus  and,  lack- 
ing moisture,  there  is  no  cost  of  drying  before  transportation,  or  freight 
cost  on  10  per  cent,  of  moisture  as  with  Lake  ores.  Bulletin  603,  on 
Iron-Ore  Deposits  of  Eagle  Mountain,  California  is  authority  for  these 
statements.     The  average  analysis  of  Providence  Mountain  iron  ore  is: 

Iron,  64.82;  phosphorus,  0.044;  silica,  3.04;  manganese,  0.278;  alumina, 
0.568;  magnesia,  0.201;  lime,  0.444;  sulphur,  0.059;  titanium,  none; 
volatile,  1.85  per  cent. 

Consumption 

According  to  one  of  the  leading  buyers  of  iron  and  steel,  the  follow- 
ing is  a  conservative  estimate  of  the  present  approximate  yearly  con- 
sumption on  the  Pacific  Coast: 

Tons 

Pig  iron 100,000 

Reinforcing  steel  for  concrete  buildings 30,000 

Sheets 136,000 

Plates 217,000 

Corrugated 15,000 

Bar. 175,000 

Structural 250,000 

923,000 


I 

« 
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Probably  the  aggregate  is  more  nearly  double  this  estimate.  Com- 
plete figures  would  include  the  large  amounts  of  cast-iron  water  pipe, 
oil-well  pipe,  railroad  steel  and  other  steel  products  not  Usted  above. 

Costs  of  Production 

At  some  future  time  there  will  certainly  be  one  iron-smelting  center 
in  Southern  California;  and  there  may  possibly  be  a  second  at  San  Fran- 
cisco and  a  third  at  Seattle,  each  having  its  own  distinct  province  from 
which  to  draw  its  supplies  of  raw  materials;  but  at  the  present  time 
Southern  California  seems  to  have  the  advantage  in  the  combination  of 
ore,  fuel,  labor  and  climatic  conditions  for  economical  production. 

The  statement  that  conditions  justify  the  establishment  of  at  least 
one  plant,  based  on  the  consumption  of  iron  and  steel  products  on  the 
Pacific  Coast  will  be  borne  out,  if  it  can  be  shown  that  these  products 
can  be  manufactured  locally  at  a  price  to  compete  with  the  supply  from 
other  smelting  centers. 

In  the  following  discussion  some  of  the  figures  relating  to  Pittsburgh 
are  used  as  given  in  a  recent  publication  by  the  Merchants'  Association 
of  New  York  on  the  iron  and  steel  industry,  supplemented  by  personal 
knowledge,  and  figures  from  Mineral  Resources  of  the  United  StateSf 
1913,' published  by  the  U.  S.  Geological  Survey,  and  also  figures  from 
the  report  of  the  Commissioner  of  Corporations  on  the  Steel  Industry, 
1911,  and  costs  of  making  pig  iron  from  testimony  before  the  Ways  and 
Means  Committee  of  the  House  of  Representatives  in  1906. 

Pittsburgh  is  the  center  of  the  iron  and  steel  industry  in  the  United 
States  and  any  costs  on  the  Pacific  Coast  that  can  be  shown  to  ap- 
proximate Pittsburgh  costs  will  demonstrate  not  only  the  feasibility  of 
the  industry,  but  the  certainty  of  profits. 

The  difference  in  mining  and  transportation  costs  between  Lake 
Superior  ores  and  California  ores  is  due  to  a  number  of  reasons,  principal 
among  which  are  the  following:  The  Lake  Superior  ores  are  obtained 
either  by  expensive  underground  mining  or  by  open-cut  work  in  which 
large  amounts  of  overburden  have  to  be  removed  at  considerable  cost; 
and,  on  account  of  climatic  conditions,  the  shipping  season  is  limited 
to  seven  months  of  the  year.  Transportation  is  a  combination  of 
rail,  water  and  rail,  entailing  several  handlings  of  the  ore. 

In  the  case  of  California  ores,  we  have  large  surface  exposures  of 
orebodies,  capable  of  being  quarried  and  loaded  on  cars  by  steam  shovel, 
and  handled  thence  direct  to  the  furnaces.  The  mining  cost  of  Cali- 
fornia iron  ores  will  be  on  the  same  low  basis  as  that  of  the  porphyrj' 
copper  ores,  or  from  20  to  30c.  per  ton.  The  figure  of  85c.  in  the  follow- 
ing estimate  is  ample  to  cover  both  royalty,  or  sinking  fund,  and  mining. 
Climatic  conditions  are  such  that  work  can  be  carried  on  every  day  in 
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the  year  with  the  exception  possibly  of  a  few  stormy  days;  and  Cali- 
fornia ores  have  the  added  advantage  of  a  higher  content  in  iron  and  a 
lower  amount  of  gangue  to  be  fluxed,  resulting  in  greater  efficiency,  or 
tonnage  product  of  a  furnace  and  decreased  cost  of  flux,  per  ton  of  iron 
produced,  all  of  which  factors  materially  lower  the  operating  cost  per 
ton  of  pig  iron  produced. 

Table  I. — Comparison  of  Costs  of  Iron  Ore  and  Transportation  at 

Pittsburgh  and  Los  Angeles 


T 


!       Pittsburgh 
Lake  Superior 
Ores 


Lob  Angeles  Cali- 
fornia Ores.  As- 
suming Max.  Haul 
200  Milea  at  0.005c. 


Rail  and  Lake  rate  to  Lower  Lake  Ports 

Rail  freight  rate,  Lower  Lake  Ports  to  Furnace 

location. 
Rail   freight   rate,    Eagle    Mountains,    Providence 

Mountains,  and  San  Bernardino  County  ores. 

Total  transportation,  costs  per  ton 

Average  mining  cost  per  ton 

Total  transportation  and  mining  cost  per  ton 

Percentage  iron  yield  per  ton  ore,  non-Bessemer 

grade,  per  cent. 
Percentage  iron  yield  per  ton  ore,  Bessemer  grade, 

per  cent. 
Total  transportation  and  mining  cost  per  ton  pig  iron, 

95  imits  iron,  non-Bessemer  grade. 
Total  transportation  and  mining  cost  per  ton  pig 

iron,  Bessemer  grade. 


SI.  15 
0.88 


$2.03 

$1.30 

S2.40 

$0.85 

$4.43 

$2.15 

51.6 

57.00 

65.0 

64.00 

$8.17 

$3.56 

$8.05 

$3.19 

Comparing  the  Bessemer  ores  alone,  as  the  bulk  of  the  California 
ore  is  of  that  quality,  the  advantage  of  Los  Angeles  over  Pittsburgh,  in 
cost  of  iron  ore  per  ton  of  pig  iron  is  $4.86. 

The  average  mining  cost  for  Lake  Superior  ores  is  taken  from  Mineral 
Resources  of  the  United  States,  1913,  U.  S.  Geological  Survey,  and  is  ex- 
clusive of  any  transportation  costs. 

Coke  Supply 

Of  equal  importance  to  the  iron  ore  is  a  supply  of  suitable  coal  for 
coking.  There  are  probably  good  coking  coals  in  Alaska  and  Wash- 
ington that  could  be  placed  in  the  Los  Angeles  market  at  a  reasonable 
price;  and  there  are  large  coal  fields  in  southern  Utah  at  present  without 
railway  connection,  undoubtedly  containing  coking  coals;  but  at  the 
present  time  the  coking  coal  of  Carbon  County,  Utah,  is  the  most  avail- 
able by  reason  of  rail  connection.  The  Carbon  County,  Utah,  coal,  at 
Sunnyside  in  the  Book  Cliffs  coal  field,  compares  favorably  in  coking  and 
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chemical  qualities  with  some  of  the  Eastern  coals  and  a  comparison  of 
costs  on  that  basis  will  be  made. 

An  average  analysis  of  Sunnyside  coal  and  coke  is  as  follows: 


Moisture 

Volatile  matter 
Fixed  carbon . . 

Ash 


Coal, 
Per  Cent. 

Coke. 
Per  Cent. 

1.27 

0.13 

39.13 

0.83 

54.62 

88.96 

4.98 

10.07 

100.00  99.99 


The  metallurgical  coke  for  the  Utah  and  Montana  copper  smelters 
is  supplied  from  the  Sunnyside  field  and  its  good  qualities  are  thoroughly 
proven.  A  description  of  the  Book  Cliffs  Coal  Field  was  given  by  Robert 
S.  Lewis.  ^ 

In  the  report  of  the  Commissioner  of  Corporations  on  Steel  Industr>', 
1911,  the  cost  of  coke  at  Pittsburgh  has  been  shown  to  be  $2.97  per  ton 
of  pig  iron,  and  from  that  cost  it  is  estimated  that  the  cost  of  byproduct 
coke,  provided  a  profitable  market  for  the  byproducts  could  be  secured 
at  Pittsburgh,  would  be  $1.94  per  ton  of  pig  iron.  The  above  figure  of 
$2.97  is  borne  out  by  the  current  quotations  on  Connellsville  coke.  May 
1,  1915.  As  compared  with  the  cost  of  byproduct  coke  at  Pittsburgh, 
the  following  costs  are  conservative  for  Los  Angeles,  where  a  ready  market 
could  be  found  for  the  byproducts  and  where  a  number  of  chemical 
industries  could  follow  the  establishment  of  a  byproduct  coke  plant, 
utilizing  the  coal  tar,  aqimonia  and  gas. 

Table  II. — Cost  of  Coke  at  Los  Angeles  or  Southern  California  Points 

Mining  cost  1.66  tons  Utah  coal  at  90c.  per  ton $1 .48 

Transportation  1.65  tons  at  S4.25,  850  miles  at  0.5c 7.01 

Total  cost  coking  and  byproduct  operation  per  ton  coke 1 .  40 

9.89 
Credit  from  sale  of  byproducts  per  ton  coke,  8,000  cu.  ft.  gas  at  15c. . .  $1 .  20 

14  gal.  tar  at  4c 0.56 

24  lb.  sulphate  ammonia  at  3>ic 0.84  2.60 

Net  cost  of  coke  per  ton $7 .  29 

Total  cost  of  coke  per  ton  of  pig  iron  (1.10  tons  per  ton  pig) $8 .02 

Cost  byproduct  coke  Pittsburgh,  minimum 1 .  94 

Maximum  advantage  of  Pittsburgh  in  cost  of  coke  per  ton  of  pig  iron .  6 .  08 

Total  cost  of  coke  per  ton  of  pig  iron  (1.10  tons  per  ton  pig) 8 .02 

Or  at  average  cost  of  coke 2 .  97 

Average  advantage  of  Pittsburgh  in  cost  of  coke  per  ton  of  pig  iron ...  S5 .  05 

1  BuUelin  No.  91,  July,  1914,  pp.  1729  to  1749. 
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The  building  of  the  Alaska  Railroad  into  the  Matanuska  coal  field  by 
the  government  will  open  that  coal  to  Southern  California;  and,  if  the 
claims  regarding  its  coking  qualities  are  substantiated,  it  will  afford  a 
supply  of  coking  coal  cheaper  than  from  any  other  section. 

In  Table  II  the  coking  question  has  been  treated  from  the  standpoint 
of  making  byproduct  coke  at  tidewater  in  order  to  improve  the  coke, 
secure  the  byproducts,  and  have  a  source  of  supply  of  power  in  the  waste 
gases  for  use  in  a  steel  plant  independent  of  any  one  coal  field;  but  the 
coke  supply  can  also  be  considered  from  the  standpoint  of  beehive-oven 
coke  made  in  the  coal  fields  and  transported  to  tidewater,  if  the  cost  of 
such  coke  can  be  shown  to  be  less  than  that  of  byproduct  coke. 

I  should  observe  that  my  estimates  are  made  on  a  rational  freight 
rate  of  0.5c.  a  ton  a  mile.  The  present  published  rates  on  coal  and  coke 
from  the  interior  are  higher  than  that,  being  still  based  on  "all  the  traffic 
will  bear;"  and,  since  the  amount  handled  is  small,  no  attempt  has  been 
made  to  secure  a  lower  rate.  That  0.5c.  a  ton  a  mile  is  a  reasonable 
maximum  is  shown  by  the  fact  that  that  rate  is  in  existence  for  phosphate 
rock  and  other  material,  of  a  like  or  higher  value  than  coal,  from  this 
intermountain  region  to  tidewater.  I  mention  this  matter  because  it  is 
one  of  the  "scarecrow  arguments"  that  have  to  be  met.  When  the 
traffic  justifies  it,  the  rate  can  be  secured,  through  the  usual  channels. 

Limestone  Supply 

Available  to  every  railroad  entering  Los  Angeles,  at  distances  of  from 
20  to  150  miles,  are  ample  deposits  of  limestone  suitable  for  blast-furnace 
flux.  This  rock  can  be  quarried  and  brought  to  tidewater  at  as  low  a 
price  as  that  used  in  Pittsburgh,  and  from  many  of  the  deposits  for  a 
less  cost.  Even  at  a  greater  cost  per  ton  of  limestone,  the  cost  per  ton 
of  pig  iron  would  still  be  as  low  as  the  Pittsburgh  cost  on  account  of  the 
greater  purity  of  the  iron  ores  and  consequent  smaller  amount  of  lime 
used  for  flux.  In  my  estimate  of  final  costs,  the  Pittsburgh  figure  will  be 
applied  as  fully  covering  the  limestone  cost. 

Application  of  Above  Figures  and  Comparison  of  Cost  of  Pig  Iron  at 
Pittsburgh  with  the  Estimated  Cost  at  Los  Angeles 

In  1906,  before  the  Ways  and  Means  Committee  of  the  House  of 
Representatives,  Judge  Gary  testified  that  for  all  the  furnaces  of  the 
United  States  Steel  Corporation  the  total  cost  of  making  a  ton  of  pig 
iron,  based  on  the  market  prices  of  iron  ores,  coke,  limestone,  cinder 
and  scale,  and  including  maintenance  and  depreciation  of  furnaces,  was 
S15.30  per  ton  of  pig  iron,  divided  as  follows: 
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Table  III. — Cost  of  Pig  Iron  at  Pittsburgh 

Iron  ore  per  ton  $4.70,  per  ton  pig  iron $8 .62 

Coke  per  ton  S3.93,  per  ton  pig  iron 4 .  15 

Limestone  $1.06,  per  ton  pig  iron 0.49 

Scrap,  cinder  and  scale 0 .  27 

Labor  and  maintenance 1 .  37 

Depreciation  of  furnaces 0 .  40 

I 

$15.30  i 

From  these  figures  he  said  the  following  deductions  should  be  made 
for  net  profits: 

On  ores  in  pig  iron $2 .  04 

On  coke  in  pig  iron 0 .  60 

On  transportation 1 .  07  $3.71 

Actual  cost  of  pig  iron $11 .  59 

Assuming  other  costs  than  the  ore,  coke  and  flux  to  be  the  same  at  Los 
Angeles  and  Pittsburgh,  we  have  the  following  as  a  conservative  state- 
ment of  the  estimated  cost  of  a  ton  of  pig  iron  a*  Los  Angeles,  or  tidewater. 

Table  IV. — Estimated  Cost  of  Pig  Iron  at  Los  Angeles 

From  Table  1 — Total  transportation  and  mining  cost  per  ton 

pig  iron,  Bessemer  grade  ore $3.19 

From  Table  II — Total  cost  of  coke  per  ton  pig  iron 8 .  02 

Limestone 0 .  49 

Scrap,  cinder  and  scale 0 .27 

Labor  and  maintenance  at  furnaces 1 .37 

Depreciation  of  furnaces 0 .40 

$13.74 
In  Mineral  ResourceSj  1913,  Part  1,  p.  321,  the  government  gives 
as  the  average  price  per  ton  of  pig  iron  at  the  Pennsylvania 

blast  furnaces  for  1913 $15.36 

And  for  Alabama  furnaces 12 .08 

Accepting  for  the  purposes  of  this  discussion  the  figures  given  by  Mr. 
Gary  of  $11.59  as  the  net  cost  of  pig  iron  for  all  the  furnaces  of  the 
United  States  Steel  Corporation  in  the  year  1906,  and  deducting  it  from 
the  estimated  cost  at  Los  Angeles  of  $13.74,  we  have  a  diflference  of  $2.15 
per  ton  in  favor  of  Pittsburgh,  but  the  railroad  freight  rate  on  pig  iron 
from  Pittsburgh  makes  the  net  cost  of  pig  iron  at  least  $20.95  f.o.b.  Los 
Angeles  and  selling  price  $23.00  to  $25.00  per  ton. 

In  regard  to  freight  rates  on  pig  iron  and  steel  products  to  Pacific 
Coast  points,  the  published  rate  from  Chicago  and  Birmingham  is  $9 
per  ton,  and  there  is  no  through  rate  from  the  Pittsburgh  district,  and 
from  Pittsburgh  to  Chicago  takes  a  local  rate  of  $3.15,  making  the  total 
freight  from  that  point  $12.15  per  ton  to  California  terminal  points. 
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Steel  products  have  a  uniform  freight  rate  of  $16  per  ton,  Pittsburgh  to 
Coast  points.  In  my  calculations  an  average  freight  rate  of  $9  has  been 
used,  being  the  rate  from  Chicago  or  Birmingham  to  Coast  points. 

It  should  be  noted  particularly  that  our  comparison  of  costs  is  with 
the  costs  of  a  corporation  owning  mines,  railroads,  vessels  and  smelting 
plants  and  its  costs  are  necessarily  lower  than  the  merchant-furnaces  in 
Pennsylvania  which  buy  ore  and  coke,  and  a  deduction  from  Tables  I  and 
II  more  nearly  states  the  relative  costs. 

From  Table  II,  advantage  of  Pittsburgh  in  cost  of  coke,  per  ton  of  pig  iron S6 .  08 

From  Table  1,  advantage  of  Los  Angeles  in  cost  of  ore,  per  ton  of  pig  iron S4 .  86 

Net  advantage  of  Pittsburgh  in  cost  of  ore  and  coke  per  ton  of  pig  iron $1 .  22 

If,  however,  in  all  fairness  to  Southern  California,  the  figure  $5.05,  the 
average  advaniagCj  instead  of  $6.08,  the  maximum  advantage  of  Pittsburgh 
in  cost  of  coke  per  ton  of  pig  iron  is  used,  as  shown  in  Table  II,  we  have 
19c.  only  as  the  net  advantage  of  Pittsburgh  in  cost  of  ore  and  coke  per 
ton  of  pig  iron.  In  other  wordSy  iron  ore  is  the  costly  item  and  coke  the 
cheap  item  at  Pittsburgh  f  while  in  California  the  costly  item  is  coke,  and  iron 
ore  is  the  cheap  item,  with  (fie  difference  in  the  cost  of  the  two  materials  about 
equalized. 

From  Table  I,  the  cost  per  unit  of  iron,  Lake  Superior  iron  ore, 
Bessemer  grade  at  Pittsburgh,  is  8c.;  the  cost  of  California  iron  ore,  per 
unit  of  iron,  at  Los  Angeles  is  3.33c. 

Markets  and  the  Cost  of  Reaching  Them 

At  the  present  time  the  entire  Pacific  Coast  is  dependent  upon  the 
East  and  South  for  its  supply  of  pig  iron  and  steel,  with  the  exception  of  a 
small  amount  of  open-hearth  steel  produced  from  scrap  at  San  Francisco 
and  Los  Angeles.  The  imports  of  foreign  iron  and  steel  are  a  negligible 
quantity  and  are  never  likely  to  be  of  any  importance  on  account  of  the 
cost  of  transportation. 

Therefore,  as  our  principal  market,  we  have  this  Pacific  Coast  province, 
comprising  the  States  of  California,  Oregon  and  Washington,  which  can 
only  be  reached  by  the  eastern  manufacturer  after  paying  a  minimum 
transcontinental  freight  of  $9  per  ton,  or  a  minimum  water  freight  from 
Atlantic  ports  of  $6  per  ton. 

Los  Angeles  is  the  great  lumber  market  of  the  Pacific  Coast,  and 
most  of  the  vessels  in  the  trade  are  without  cargo  on  the  return  trip  and 
would  welcome  the  opportunity  to  carry  iron  and  steel  products  to  San 
Francisco,  Portland,  Seattle  and  Vancouver  at  low  water-rates.  The 
markets  of  South  America  are  open  on  more  than  equal  terms;  for  ton- 
nage through  the  Panama  Canal  from  the  Atlantic  seaboard  to  the  west 
coast  of  Mexico  and  Central  and  South  America  must  pay  the  toll  of 
$1.20  per  ton. 
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Simply  stated,  pig  iron  can  be  made  in  the  regular  blast  furnace  way 
at  Los  Angeles  for  less  than  $14.  No  Pennsylvania  pig  iron,  either  by 
transcontinental  freight  or  by  rail  to  New  York  and  via  Panama  Canal, 
can  be  put  into  this  market  under  $19  per  ton.  Alabama  pig  might  be 
put  in  at  a  slightly  less  cost,  but  its  quality  would  not  place  it  in  the  same 
class  as  pig  iron  made  from  California  ores. 

Geology 

The  principal  Southern  California  iron  deposits  are  of  the  contact- 
replacement  type  formed  at  or  near  the  contact  of  an  intrusive  igneous 
mass  with  sedimentary  strata,  usually  limestones.  Their  occurrence 
has  been  fully  discussed  in  Iron  Ores  of  the  Iron  Springs  District,  South- 
ern Utah,  by  C.  K.  Leith  and  E.  C.  Harder,  Bulletin  338,  J7.  S.  Geological 
Survey,  1908;  Iron  Ore  Deposits  of  the  Eagle  Mountains,  California, 
by  E.  C.  Harder,  Bulletin  603,  U.  S.  Geological  Survey  (1912);  and 
An  Iron-ore  Deposit  in  the  California  Desert  Region,  by  C.  C.  Jones, 
Engineering  and  Mining  Journal  (April  17,  1909);  and  to  these  accounts 
I  will  add  only  the  following  note,  bearing  somewhat  on  a  recent  discus- 
sion in  the  Institute. 

The  Providence  Mountains  of  Eastern  San  Bernardino  County  pre- 
sent the  greatest  uplift  and  cross-section  of  strata  found  between  the 
Grand  Canyon  of  the  Colorado  in  Northern  Arizona  and  the  Sierra  Madre 
range  in  Western  San  Bernardino  County,  and  afford  an  opportunity  to 
study  a  section  approximately  4,000  ft.  thick,  from  the  underlying  granitic 
and  schistose  rocks  up  through  a  sedimentary  series  predominantly  com- 
posed of  limestones  with  subordinate  beds  of  shale  and  quartzite.  This 
has  been  brought  to  the  attention  of  the  U.  S.  Geological  Survey;  and  I 
believe,  an  extended  study  of  the  region  will  fill  several  gaps  in  our  knowl- 
edge of  the  geology  of  this  part  of  the  desert  region. 

The  general  strike  of  the  sedimentary  beds  is  northeast-southwest 
with  a  slight  dip  to  the  east.  The  central  core  of  the  mountain,  exposed 
in  canyon  from  base  to  top,  and  forming  the  highest  peaks,  is  a  core  or 
plug  of  rhyolite,  a  mile  or  more  in  diameter.  At  the  southwest  end  of 
the  mountain  the  sedimentary  beds,  lying  horizontal  or  dipping  slightly 
to  the  east,  and  retaining  this  position  undisturbed,  have  been  cut  by  a 
^  large  quartz-monzonite  mass,  the  contact  between  the  monzonite  and 

the  limestones   being  practically   vertical.     I   have  indicated   on  the 
accompanying  sketch  map  the  general  conditions. 
ij"  The  specific  fact  I  wish  to  bring  out  for  the  attention  of  those  inter- 

ested in  the  discussion  on  The  Origin  of  the  Garnet  Zones  and  Associated 
Ore  Deposits,*  by  Waldemar  Lindgren,  and  Recrystallization  of  Lime- 

«  Trans.,  xlviii,  201  to  208  (1914). 
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stone  at  Igneous  Contacts,*  by  C.  K.  Leith,  is  the  different  alterations 
sustained  by  the  same  series  of  limestones  in  adjacent  areas  in  contact 
with  the  same  igneous  intrusive  rock  mass. 

In  the  sketch  map,  I  have  indicated  conditions  9  miles  southeast 
of  Kelso.  R  is  the  central  core  of  this  part  of  the  Providence  Mountains, 
composed  of  rhyolite,  and  detached  small  rhyolite  exposures  are  shown 
at  several  places  in  the  limestones  marked  R.  XY  is  the  line  of  contact 
between  the  sedimentary  series  and  the  quartz-monzonite  mass. 


Fig.  1. — Sketch  Map  Showinq  Gbglooical  Conditions  in  Eastern  San  Ber- 
nardino County,  Cal. 


The  contact  of  the  monzonite,  cutting  sharply  the  practically  hori- 
zontal beds  of  limestone,  runs  for  a  distance  of  about  4  miles.  BC  is  a 
vertical  dike  of  rhyolite  porphyry,  100  ft.  thick,  an  ofiFshoot  from  the 
central  core.  The  point  marked  A  seems  to  have  been  the  center  of 
activity,  resulting  in  a  replacement  of  the  limestone  by  iron,  over  an 
area  of  four  acres,  with  smaller  orebodies  along  the  contact  to  the  east 
and  with  a  great  dissemination  of  grains  and  irregular  replacements  of 
iron  ore  in  the  limestones.  The  original  bedding  planes  of  the  limestone 
are  still  preserved  in  the  beds  of  iron  ore;  and  in  the  area  ABC  the  lime- 
stones have  largely  lost  their  bedded  structure  and  a  mass  of  crystalline 
dolomite  or  dolomitic  marble  has  resulted.  A  fuller  description  of  the 
geologic  features  is  given  in  my  article  in  the  Engineering  and  Mining 
Journal  cited  above.     The  end  of  the  dike  BC  is  not  seen  in  actual 
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contact  with  the  monzonite  at  B,  To  the  west  of  dike  BC  is  an  area  of 
dolomite,  as  indicated,  of  the  following  analysis: 

Per  Cent. 

Insoluble  siliceous 0 .43 

Aluminum  and  iron  oxides 0.24 

Calcium  carbonate 63 .  08 

Magnesium  carbonate 35 .  97 

99.72 

To  the  east  of  dike  BC  is  an  area  of  limestones  between  the  rhyolite  and 
monzonite,  a  portion  of  which  is  seemingly  unaltered,  especially  just  east 
of  point  C,  where,  in  contrast  with  the  dolomite  west  of  the  dike,  the  blue 
unaltered  limestones  preserve  perfectly  their  bedded  structure,  and 
the  larger  portion  of  the  area,  especially  at  and  for  several  hundred  feet 
north  of  the  contact,  is  largely  silicified.  An  analysis  of  a  typical  sample 
shows: 

Per  Cent. 

Silica 48.0 

Lime 25.8 

Iron  oxide 4.3 

Alumina 12.9 

Carbonic  acid 5.0 

J   1  Undetermined 4.0 


-5  1 


% 


■1 


u 


100.0 


Much  analytical  work  is  needed  to  determine  the  composition  of  the 
original  unaltered  limestone.  While  I  am  not  prepared  to  discuss 
thoroughly  the  phenomena  involved,  my  impression  is  that  the  original 
limestones  were  calcitic,  and  that  ascending  heated  waters,  following 
the  intrusion  of  the  monzonite,  decomposed  its  ferro-magnesian  members, 
deposited  the  iron  as  a  replacement  of  the  limestone  near  the  contact, 
and  dolomitized  the  limestones  between  the  contact  and  the  dike  BC. 
I  •:  But  the  reason  of  the  different  action  east  of  the  dike  BC  I  leave  to  those 

I  better  qualified  to  determine.     In  the  east  area  are  a  number  of  vertical 

^':,  faults,  some  of  great  length  and  some  short,  nearly  all  of  them  showing 

4*j  a  slight  mineralization,  chiefly  of  copper  minerals  in  calcite  veins,  the 

gold  and  silver  contents  being  negligible.  Unfortunately  the  work  done 
on  these  veins  has  not  been  productive;  otherwise  a  fuller  study  would, 
perhaps,  have  been  made  of  the  conditions  I  have  indicated  above. 
The  only  working  mine  in  the  immediate  region  is  situated  9  miles  north- 
f  east  of  Fooshay  Pass  on  the  same  contact,  modified  by  some  pegmatite 

dikes,  at  what  was  formerly  known  as  the  Bonanza  King  mine,  where 
several  million  dollars  worth  of  silver  ores  were  extracted  from  irregular 
bodies  in  the  limestones. 
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[subject  to  rbyision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  Bhould  praferably  be  preMnted  in  peraon  at  the 
San  Fk-anciaco  meeting,  September,  1915,  when  an  abstract  of  the  paper  will  be  read.  If  this  ie  im- 
DOMible,  then  diecuMion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers. 
29  West  3Qth  Street,  New  York,  N.  Y.^  for  presentation  by  the  Secretary  or  other  representative  of 
itBsnthor.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nqv.  1,  1915. 
Any  discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Furbero  Oil  Field,  Mexico 

BY  E.  DEOOLTER^  A.  B.  NORMAN,  OKLA. 
(San  Francisco  Meeting,  September,  1915) 

I.  Introduction 

The  Furbero  oil  field  lies  in  the  Gulf  coastal  plain  of  Mexico  between 
the  important  ports  of  Tampico  and  Vera  Cruz  and  about  one-third  of 
the  distance  between  the  two  points  from  the  latter  (Lat.  20°  22'  N., 
97°  30'  W.  Gren.).  It  is  in  the  State  of  Vera  Cruz,  about  14  miles  west  by- 
south  of  the  village  of  Papantla  in  the  canton  of  the  same  name,  and  is 
the  most  southern  of  the  developed  oil  fields  of  the  Tampico-Tuxpam 
region  being  a  distance  of  50  miles  south  by  east  from  the  Potrero  del 
Llano  field  and  42  miles  in  the  same  direction  from  the  Alamo  field.  The 
field  has  been  developed  by  the  Oil  Fields  of  Mexico  Co.  and  is  in  the 
midst  of  a  large  block  of  lands  owned  or  leased  by  them.  Communica- 
tion is  through  the  port  of  Tuxpam  with  which  it  is  connected  by  a  narrow- 
gauge  railway  and  6-in.  pipe  line  some  52  miles  in  length. 

This  field  is  of  more  than  ordinary  interest  since  it  represents  a  type 
of  oil  deposit  hitherto  unknown.  So  far  as  I  am  aware,  no  other  com- 
mercially valuable  deposit  of  oil  is  known  to  occur  under  conditions  of 
accumulation  similar  to  those  found  here.  The  igneous  nature  of  the 
so-called  'sand'  encountered  in  drilling  was  not  recognized  until  a  number 
of  wells  had  been  drilled;  and  it  was  not  until  recently  that  the  geological 
relations  of  the  sill  or  laccolith,  which  gives  rise  to  the  accumulation  of 
oil,  were  known  and  the  so-called  'anticline'  was  known  to  be,  in  part 
at  least,  the  result  of  igneous  intrusion. 

Geological  surveys  in  this  general  region  were  made  in  1900-1901  by 
W.  H.  Dalton  and  in  1907-1909  by  P.  C.  A.  Stewart,  F.  W.  Moon, 
Leonard  V.  Dalton,  and  Dr.  Max  Muhlberg.  More  recent  surveys  have 
been  made,  however,  under  the  direction  of  the  author,  by  E.  L.  Ickes, 
B.  C.  Belt,  B.  Hartley,  and  Harve  Loomis.  Notes  of  the  earlier  examina- 
tions were  not  available  with  the  exception  of  the  report  by  Dr.  Muhlberg 
who  apparently  first  recognized  the  true  nature  of  the  Furbero  intrusion. 
This  paper  is  indebted  to  his  work  and  that  of  the  more  recent  surveys 
for  much  of  the  detail  regarding  stratigraphy  and  to  Messrs.  Percy 
Furber  and  Arthur  C.  Payne,  President  and  General  manager  of  the  Oil 
Fields  of  Mexico  Co.  for  permission  to  publish,  and  for  much  of  the  in- 

*Chief  Geologist,  Cia.  Mexicana  El  Aguila,  S.  A.,  Cuban  Oil  Co. 
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formation  regarding  the  field.  The  detailed  structure  of  the  intrusion 
as  herein  set  forth  is  the  result  of  a  study  of  the  well  logs  and  samples  by 
the  author. 

II.  History  and  Development 

This  general  region,  including  Furbero,  is  one  of  the  earliest  known 
oil  regions  of  Mexico.  Indian  tradition  says  that  this  part  of  the  coast 
was  settled  during  the  seventh  or  eighth  century;  the  Sabaneta  topo- 
graphic basin,  in  which  Furbero  lies,  being  then  known  as  Choloa.  That 
the  existence  of  oil  seepages  was  probably  known  to  the  early  inhabitants, 
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Fig.  1. — Map  op  Furbero  Oil  Field,  showing  Development. 
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is  indicated  by  the  fact  that  the  locality  now  known  as  Furbero  was 
formerly  called  ''Cougas"  (later  corrupted  to  *'Cubas"),  a  Totonaco 
word,  meaning  a  species  of  black  wax  or  oil.  Moreover,  Spanish  writers 
immediately  following  the  conquest  note  ''chapapote"^  as  among  the 

^  "Chapapote"  is  the  term  by  which  asphalt,  petroleum  residue,  and  even  oil 
itself  are  known  in  Mexico  at  the  present  day.  It  is  derived  from  the  Aztec  words 
"tzauc,"  meaning  paste  or  cement  and  "popochili,"  meaning  perfume  and  probably 
refers  to  two  of  the  early  uses  of  the  material.  Robelo,  Cecilio  G. :  Diccionario  de 
Seudoazlequianuu,  p.  536  (Cuernavaca,  1906). 
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articles  for  sale  in  the  great  market  of  Mexico  City.  Old  workings  con- 
sisting of  a  shaft  walled  up  with  rock  were  found  near  one  of  the  principal 
seepages  by  the  earliest  known  white  explorer. 

In  1868,  a  certain  Dr.  Autrey,  who  had  been  carrying  on  the  practice 
of  his  profession  at  Papantla  for  several  years,  discovered  the  larger  seep- 
ages, and  the  knowledge  of  their  existence  and  location  being  made 
public,  a  company  (the  Cia.  Explotadora  de  Petroleo  del  Golfo  Mexicano)  < 
was  formed  at  Mexico  City  in  1869,  for  the  purpose  of  exploiting  the 
deposits.  Machinery  was  brought  into  the  region  and  a  3-in.  bore-hole 
was  sunk  to  a  depth  of  125  ft.  near  one  of  the  largest  seepages.  No  pro- 
duction resulting,  a  tunnel  was  driven  50  ft.  into  the  hill  near  the  old 
Indian  workings,  and  a  moderate  supply  of  oil  (reported  as  about  4  or 
5  bbl.  per  day)  was  secured.  The  project  was  soon  abandoned,  however, 
and  about  1870  the  properties,  including  abandoned  machinery,  were 
denounced  by  Autrey.  One  of  the  old  stills  was  set  up  in  Papantla  and 
the  crude  oil  was  packed  mule-back  to  that  point  where  some  4,000  gal. 
of  kerosene  were  refined  and  sold  locally.* 

In  1883,  the  present  mining  law,  vesting  the  ownership  of  petroleum 
rights  in  the  ownership  of  the  surface  of  the  land,  was  enacted,  and  the 
property  thus  passed  out  of  Autrey's  possession.  In  1892,  El  Cougas 
and  2,500  hectares  of  land  were  leased  to  an  American  oilman,  this  being 
the  first  oil  lease  of  record  in  Mexico.* 

From  1895  to  1900,  numerous  leases  were  made  in  this  general  region, 
and  in  1901  the  Mexican  Petroleum  and  Liquid  Fuel  Co.,  Ltd.  was  formed 
and  took  them  over.  This  company  was  founded  with  English  capital, 
among  the  interested  persons  being  Cecil  Rhodes  of  South  African  fame. 
During  the  years  1901  and  1902,  drilling  was  actively  carried  on,  24  wells 
being  drilled,  two  of  which  attained  a  depth  greater  than  1,500  ft.  Opera- 
tions being  unsuccessful  from  a  commercial  standpoint,  the  region  was 
abandoned.  In  1903,  the  Oil  Fields  of  Mexico  Co.,  the  present  owner  of 
the  Furbero  field,  was  organized.  Lands  and  leases  over  a  great  area 
were  secured.  Machinery  was  brought  into  the  region  via  the  Tecolutla 
River  and  wagon  roads;  and  in  1904  drilling  was  commenced  in  earnest. 
In  1907,  the  first  well  "came  in";  and  in  April,  1910,  the  pipe  line  and 
railroad  to  the  port  of  Tuxpam  having  been  completed,  commercial 
deliveries  of  oil  began.  Since  that  time  drilling  and  oil  production  have 
been  almost  continuous.  Thirty-two  wells  have  been  drilled  by  this 
company  in  the  general  region,  24  of  them  in  the  Furbero  field  proper. 


*  This  early  history  is  taken  from  a  copy  of  a  letter  dated  Mar.  2,  1892,  from 
Adolpho  Autrey,  M.  D.,  to  John  F.  Dowling,  City  of  Mexico. 

'  Cuestiones  Petroleras  de  Actualidad,  Mexico,  1912;  Lie.  Edward  Schuster,  p.  1. 
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III.  Topography 

The  region  in  which  the  Furbero  field  occutcj  is  topographically  a 
great  basin  shut  in  on  the  north,  west,  and  south  by  the  great  lava-capped 
mesas  which  lie  at  the  foot  of  the  central  Mexican  plateau  (the  remnants 
of  a  flow  which  once  covered  the  entire  region),  and  on  the  north  and 
east  by  Tertiary  hills.    The  major  axis  of  this  basin  runs  northwest  and 
southeast  and  the  drainage  is  controlled  by  two  master  streams:     (1)  The 
Cazones  River,  which  emptying  into  the  Gulf  of  Mexico  about  40  miles 
northwest  of  Furbero,  drains  the  northern  part  of  the  basin,  including 
the  Furbero  field  proper,  through  its  tributary  the  Arroyo  Coachepa  and 
secondary  streams;  and  (2)  the  Tecoluta  River,  which  empties  into  the 
Gulf  at  a  point  30  miles  east  of  Furbero,  draining  the  southern  part  of 
the  basin.     The  water-sheds  of  these  streams  are  separated  by  a  very 
low  divide.     The  Furbero  field  prdper,  as  developed  hitherto,  has  an  area 
of  little  more  than  100  acres.     It  lies  in  the  northeastern  part  of  the 
basin  on  the  slope  from  the  Tertiary  hills  to  Arroyo  Coachepa  on  the 
west.     The  most  striking  features  of  the  immediate  topography  are  the 
sharp  twin  hills  in  the  midst  of  the  field,  which  resemble  very  much  the 
small  volcanic  plugs  or  necks  so  commonly  features  of  the  topography  of 
the  oil  regions  north  of  the  Tuxpam  River.    The  general  elevation  is 
from  600  to  650  ft.  above  sea  level. 

« 

IV.  Geology 

This  region  is  covered,  for  the  most  part,  with  dense  tropical  jungle 
and  a  mantle  of  soil  resulting  from. centuries  of  vegetable  decay;  and  as  a 
consequence  there  are  but  few  rock  exposures  of  geological  value.  These 
are  commonly  found  in  the  banks  of  creeks  or  arroyos.  No  exposures 
large  enough  to  admit  the  measurement  of  detailed  sections  of  the 
various  formations  are  found.  We  are  therefore  forced  to  depend  mainly 
upon  the  soil  and  topographic  expression,  verified  by  occasional  exposures, 
in  mapping  the  surface  geology,  and  upon  well  records  and  general 
regional  observations  in  studying  the  details  of  the  various  formations. 

In  considering  the  Furbero  field  proper,  we  are  directly  concerned 
with  the  Tertiary  marine  sediments  and  the  igneous  rocks  only;  but  a 
description  of  the  Cretaceous  limestones  is  here  given  for  the  purpose  of 
defining  the  relation  of  the  Furbero  field  to  other  fields  of  the  region. 

1.  Cretaceous 

Tamasopo  Limestone. — The  oldest  known  rocks  of  this  general  region 
consist  of  a  series  of  limestones,  known  from  their  outcrop  in  the  Tama- 
sopo Canyon,  State  of  San  Luis  Potosi,  as  the  Tamasopo  limestone.  This 
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formation  consists  of  hard,  gray,  pure,  compact,  porcelain-like  limestones 
bedded  in  layers  less  than  a  foot  thick,  and  is  characterized,  in  its  upper 
part,  by  the  occurrence  of  an  abundance  of  black  to  dark  gray  and  green 
chert  nodules,  interbedded  with  the  limestones.  Economically,  the  forma- 
tion is  of  greatest  importance  because  of  its  oil-bearing  horizons.  The 
uppermost  members  of  the  limestone,  which  are  massively  bedded  in  the 
northern  Vera  Cruz  and  Valles  regions,  are  somewhat  porous  and  contain 
great  solution  caverns.  These  cavernous  limestones  arc  the  reservoir 
rocks  of  highly  productive  fields  of  Potrero  del  Llano,  Juan  Cassiana, 
Dos  Bocas,  Los  Naranjos,  and  Alamo,  which  are  characterized  by  im- 
mense and  prolific  gushers  (daily  capacity  50,000  to  100,000  bbl.).  The 
formation  is  generally  regarded  as  the  parent  oil-bearing  formation  of 
northern  Mexico,  from  which  the  oil  at  present  found  in  other  formations 
has  come  by  migration. 

The  main  mass  of  the  outcrop  of  the  formation  in  this  region  is  in  the 
Sierra  Madres,  the  front  range  of  which  passes  points  respectively  28  miles 
west  and  16  miles  south  of  the  Furbero  field.  The  formation  has  not 
yet  been  encountered  by  wells  drilled  in  this  region,  but  it  is  very  probable 
that  the  oil  of  this  field  originated  in  the  Tamasopo  and  was  forced  upward 
by  hydraulic  and  gas  pressures,  along  a  channel  formed  by  the  broken  and 
metamorphosed  zone  of  contact  of  igneous  and  sedimentary  rocks,  or 
through  faults  and  fissures,  to  the  reservoir  from  which  it  is  now  obtained. 

The  thickness  of  the  formation  in' this  region  is  unknown,  but  probably 
is  from  6,000  to  8,000  ft.  The  age  of  the  formation  is  lower  Cretaceous, 
evidently  the  equivalent  of  the  Comanche  of  Texas. 

2.  Tertiary  Eocene 

San  Felipe  Beds. — Overlying  the  Tamasopo  limestone  and  resting 
uncoiiformably(?)  upon  it,  is  a  series  of  alternating,  impure,  thin-bedded 
limestones  and  gray,  red,  and  green  shales  and  marls  known  as  the  San 
Felipe  beds.  The  entire  formation  is  somewhat  sandy  and  contains, 
locally,  beds  of  tuff  of  variegated  colors  which  contain  decomposed  mica 
and  are  finely  porous.  It  is  also  reported  to  contain  conglomerate 
though  well  records  do  not  show  such  a  rock.  The  economic  importance 
of  the  formation  in  this  region  has  not  yet  been  determined.  It  has  been 
encountered  by  two  of  the  wells  drilled  and  oil  and  gas  have  been  produced 
from  it,  but  not  in  great  quantities.  In  the  fields  of  the  Panuco  River 
valley  near  Tampico,  it  contains  the  oil-producing  horizons.  With  the 
exception  of  one  or  two  doubtful  inliers,  the  outcrop  of  the  formation  in 
this  region  is  confined  to  a  narrow  strip  adjoining  the  outcrop  of  the  Tam- 
asopo limestone  in  the  mountain  front.  The  thickness  of  the  formation 
varies  from  600  to  1,000  ft.;  it  is  probably.more  nearly  the  latter  in  this 
region.    The  exact  age  of  the  formation  is  unknown  but  it  is  apparently 
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Tertiary  if  one  may  judge  from  the  few  fossils  which  have  been  secured 
from  drill  cuttings.  If  such  is  true,  it  is  of  lower  Eocene  age.  The  forma- 
tion grades  imperceptibly  into  the  overlying  shales  series,  the  limestones 
gradually  becoming  more  argillaceous  and  impure  and  grading  finally  into 
hard  shale  and,  in  turn,  into  soft  shale.  It  is  doubtful  if  the  upper  100 
to  200  ft.  of  the  formation  can  be  differentiated  from  the  overlying  shales 
in  well  logs. 

Mendez  Shale. — Grading  from  the  underlying  San  Felipe  beds,  is  a 
thick  series  of  gray  to  green  shales,  marls,  and  clays,  containing  rarely 
thin  shaly  sandstones  and  limestones  and  red  shales,  called  the  Mendez 
shale,  because  of  its  outcrop  near  Mendez  station,  just  west  of  Tampico. 
Economically,  it  is  generally  of  no  importance;  but  in  the  Furbero  field, 
part  of  its  ordinarily  impervious  shales  have  been  baked  and  metamor- 
phosed into  a  hard,  brown  to  black,  porous  shale  and  it  forms,  together 
with  the  crystalline  igneous  rock  the  oil-reservoir  rock  of  the  field.  Appar- 
ently much  of  the  metamorphism  has  been  due  to  the  action  of  ascending 
thermal  waters  associated  with  the  igneous  rock  after  its  intrusion;  for 
the  pipe  of  metamorphosed  shales  which  rises  to  the  surface  and  outcrops 
in  the  twin  hills  in  the  central  part  of  the  field  cannot  have  been  the  direct 
result  of  the  heat  of  the  igneous  rock.  The  igneous  rock  of  the  intrusion 
has  also  undergone  alteration  since  crystallization. 

This  formation  outcrops  for  the  most  part  over  the  entire  floor  of  the 
Sabaneta  basin.  It  is  the  surface  rock  of  the  Furbero  field  proper,  ex- 
tending from  the  Oligocene  hills  on  the  east  to  the  lava  flows  at  the  foot 
of  the  hills  of  the  Sierra  Madre  on  the  west.  The  thickness  of  this  forma- 
tion at  Furbero  is  approximately  4,000  ft.  No  fossils  have  been  found 
in  this  region ;  but  a  collection  made  at  Alazan  some  50  miles  to  the  north 
has  been  identified  bv  Dr.  Dall  as  lower  Eocene. 

3.  Tertiary:  Oligocene 

Overlying  the  Mendez  shales  is  a  thick  series  of  sandstones,  shales, 
impure  fossiliferous  limestones  and  occasional  conglomerates  of  Oligocene 
age.  The  various  strata  making  up  the  formation  are  lenticular  and 
grade  laterally  into  each  other.  Near  the  front  of  the  Sierra  Madre  occur 
beds  of  shale  so  thick  that  their  outcrops  are  hardly  distinguishable  from 
those  of  the  Mendez  shales.  The  formation  is  not  known  to  be  of  eco- 
nomic importance  in  this  region.  The  local  outcrop  occurs  over  an  area 
east  of  a  N-S  line  just  east  of  well  No.  3. 

4.  Igneous  Rocks 

The  igneous  rocks  of  the  region  consist  of  basalts,  dolerites,  basalt- 
gabbros,  and  various  products  of  volcanic  activity,  such  as  volcanic  sands, 
ash,  etc.  The  surface  outcrops  consist  almost  altogether  of  lava-capped 
mesas,  the  remnants  left  by  the  erosion  of  a  great  lava  flow  which  once 
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covered  most  of  the  region.  Several  big  dikes  are  found  near  Reparo 
and  many  porphyritic  basalt  dikes  cut  the  Oligoeene  rocks  near  Buena 
Vista.  A  patch  of  volcanic  ash  covers  the  surface  near  Palma  Sola. 
The  lava  flows  evidently  originated  at  some  point  in  the  Sierra  Madre, 
probably  in  the  vicinity  of  Necaxa.  The  flow  varies  in  thickness  from 
a  few  feet  to  500  ft.,  and  it  has  a  uniform  inclination  of  several  degrees 
to  the  northeast,  an  inclination  due  evidently  to  the  topography  of  the 
pre-existing  laqd  surface.  The  nearest  remnants  of  this  flow  to  the  Fur- 
bero  field  are  the  lava-capped  mesas  of  El  Brinco,  6  miles  to  the  north- 
west, Mecatepec,  9  miles  north,  and  a  mesa  near  Tecuantepec  River,  12 
miles  east  of  south.  There  are  no  evidences  of  deformation  since  these 
flows,  which  occurred  after  the  deposition  and  folding  of  the  entire  series 
of  marine  sediments. 

Of  greater  interest  and  economic  importance  is  the  occurrence  of  a 
laccolith  or  extremely  thick  sill,  the  formation  of  which,  together  with 
associated  phenomena,  has  given  rise  to  the  accumulation  of  oil  known 
as  the  Furbero  pool.     This  intrusion  does  not  reach -the  surface.     The 
only  indication  of  its  existence  is  the  outcrop  of  metamorphosed  shale 
already  mentioned.     It  has  been  well  explored,  some  16  wells  having 
been  drilled  into  it,  five  other  wells  into  the  overlying  metamorphosed 
shales,  and  six  wells,  encountering  no  evidence  of  intrusion,  in  the  im- 
mediate vicinity.     The  intrusion  evidently  commenced  in  the  form  of  a 
sUl  following  closely  the  bedding  planes,  the  sedimentary  rocks  having 
already  been  folded  into  an  anticline.     The  intrusion  thickened  near  the 
crest  of  the  anticline,  lifting  the  overlying  beds  and  further  accentuating 
the  already  existing  fold.     Small  amounts  of  oil  are  produced  from  the 
igneous  rock  in  several  of  the  wells.    As  has  been  observed,  the  gabbro 
seems  to  have  been  greatly  altered  and  is  quite  porous  in  certain  localities. 
The  greatest  thickness  of  igneous  rock  shown  by  the  drill  is  in  well  No.  7 
where  440  ft.  were  drilled  through.     A  careful  construction  of  the  prob- 
able form  of  the  intrusion,  however,  suggests  a  maximum  thickness  of 
from  600  to  650  ft.  near  wells  17  and  7.     Minimum  thicknesses  of  193  ft. 
and  170  ft.  have  been  encountered  in  wells  19  and  28  respectively,  though 
the  actual  thickness  of  the  intrusion  is  probably  little  more  than  100  ft. 
at  well  19;  the  greater  apparent  thickness  being  due  to  the  fact  that  the 
intrusion  is  dipping  steeply  where  encountered  by  the  bore,  which  there- 
fore does  not  show  a  true  section.     The  highest  point  reached  by  the 
intrusion,  as  shown  by  well  records,  is  in  well  No.  17  where  the  top  of  the 
intrusion  was  reached  at  a  depth  of  1,490  ft.  or  891  ft.  below  sea  level. 
The  lowest  point  yet  reached  is  in  well  25  at  a  depth  of  2,665  ft.  or  1,984 
ft.  below  sea  level.     The  general  form  is  indicated  by  the  accompanying 
^eetions.    Two  sills  of  igneous  rock  separated  by  some  300  ft.  of  meta- 
morphosed shale  were  passed  through  by  well  No.  13.     The  area  known 
to  be  underlain  by  the  igneous  rock  as  determined  by  wells  which  have 
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been  drilled  up  to  the  present  time  (encountering  either  the  igneous  rock 
itself  or  the  metamorphosed  shale)  is  26  acres;  but  the  actual  area  under- 
lain is  known  to  be  greater  than  this,  probably  several  times  as  large. 

5.  Structure 

The  general  structure  of  this  region,  as  of  the  Gulf  coastal  plain  for 
some  distance  northward,  is  that  of  an  eastward-dipping  monocline;  the 
oldest  rocks — the  Cretaceous  limestones — outcropping  in  the  steeply 
folded  and  faulted  ranges  of  the  Sierra  Madre  and  passing  under  the 
Tertiary  rocks  of  the  coastal  plain,  and  the  Tertiaries  outcropping  gen- 
erally in  the  order  of  their  succession,  the  youngest  beds  fringing  the 
coast.  The  beds  of  the  monocline  are  gently  folded,  the  complexity 
and  steepness  of  the  folding  and  faulting  being  greatest  in  the  Sierra 
Madre,  and  decreasing  with  distance  from  it.  Folding  took  place  in 
Oligocene  or  post-Oligocene  time  and  afterward  the  entire  region  was 
subject  to  igneous*  activity.  As  has  been  noted,  it  was  almost  covered 
by  an  immense  lava  flow,  the  remnants  of  which  cover  hundreds  of 
square  miles  at  the  present  time.  The  sedimentary  rocks  were  also  in- 
truded to  some  degree;  but  the  surface  evidences  of  intrusion  are  not 
very  extensive. 

The  general  structural  strike  of  this  entire  region  is  northwest-south- 
east, the  axes  of  the  minor  folds  of  the  Tertiary  rocks  of  the  coastal  plain 
being  parallel  to  those  of  the  steeply  folded  Cretaceous  rocks  of  the  Sierra 
Madre.  One  of  these  minor  folds,  the  Furbero  anticline,  having  been 
complicated  by  the  intrusion  of  igneous  rocks  and  the  metamorphism  of 
previously  impervious  beds,  affords  the  structure  in  which  the  oil  of  the 
Furbero  pool  has  accumulated.  It  may  be  held  by  some  that  the  folding 
of  the  sedimentary  rocks  has  been  due  to  the  intrusion.  That  they  may 
^l[  have  occurred  contemporaneously  is  possible;  but  that  the  intrusion 

^  represents  an  incident  of  the  more  general  igneous  activity  which  took 

place  in  the  Tampico-Tuxpam  region  after  the  folding  of  the  sedimentary 
rocks,  seems  more  probable.  That  the  intrusion  followed  generally  pre- 
existing structure  seems  probable.  The  major  axis  of  the  Furbero  anti- 
cline and  the  major  axis  of  the  intrusion  are  the  same  and  parallel  to  the 
axis  of  the  other  folds  in  the  general  region.  The  floor  of  the  intrusion 
is  of  a  shape  generally  anticlinal  and  is  evidently  influenced  in  form  by 
conditions  existing  at  the  time  of  the  intrusion.  Had  the  strata  been 
level  when  the  igneous  rock  was  intruded,  one  would  have  expected  to 
find  the  laccolith  with  a  flat  floor,  the  arching  of  the  beds  being  confined 
to  those  above  the  plane  of  intrusion.  The  dip  of  the  ujpper  surface  of 
the  laccolith,  though  in  the  same  direction  as  that  of  the  floor,  is  generally 
steeper;  but  the  exact  effect  of  the  intrusion  on  the  position  of  the  out- 
cropping strata  cannot  be  determined  because  of  scarcity  of  surface  ex- 
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posures.  It  seems  probable  that  the  intrusion  ascended  from  below  in 
the  form  of  a  dike,  and  encountering  a  bedding  plane  of  little  resistance 
which  was  dipping  steeply  (west  flank,  sections  B  and  C)  was  diverted 
into  that  plane,  and  took  the  form  of  a  sill.  The  splitting  of  the  intrusion 
(well  13)  probably  indicates  the  point  of  this  change  of  form. 

V.  Details  of  Deposit 

As  will  be  noted  from  the  accompanying  map,  the  laccolith  has  been 
intensively  explored,  several  of  the  wells  being  only  80  to  100  ft.  apart 
and  most  of  them  being  within  200  ft.  of  other  wells,  so  that  several  have 
been  found  to  interfere  with  each  other  in  actual  exploitation.  Wells 
more  recently  drilled  in  the  exploration  of  the  southern  part  of  the  lacco- 
lith have  been  located  from  800  to  1,000  ft.  apart. 

This  field  is  structurally  a  somewhat  complicated  anticline,  and  the 
occurrence  of  oil  may  be  classed  as  conforming  to  the  structural  theory; 
yet  the  determining  factor  in  the  accumulation  of  oil  has  been  the  pro- 
viding of  pore  space  for  a  reservoir  by  the  metamorphism,  accompanying 
the  igneous  intrusion,  of  the  under-  and  overlying  shale,  which  were 
previously  impervious.  Of  consequence  also  has  been  the  subsequent 
alteration  of  both  shales  and  igneous  rock;  but,  as  this  was  probably  an 
indirect  result  of  the  igneous  activity,  it  need  not  call  for  separate  con- 
sideration. Normally,  the  unaltered  sediments  were  probably  quite 
similar  to  the  unaltered  shales  into  which  they  grade,  both  the  altered 
and  unaltered  shales  being  of  the  Mendez  formation,  a  series  of  blue  and 
gray,  medium-soft,  fine-grained  shales,  more  or  less  calcareous  in  places, 
and  (when  not  metamorphosed)  of  fairly  constant  lithological  character 
throughout.  The  metamorphosed  shales  seem  to  be  of  two  general 
types:  A  fairly  hard,  black  shale,  differing  but  little  from  the  unaltered 
gray  shales  into  which  it  grades;  and  a  hard,  brown,  porous,  silicified 
shale,  which  usually  occurs  immediately  above  the  igneous  rock  and 
grades  into  the  black  shales.  The  zone  of  metamorphosed  shales  en- 
velopes the  igneous  rock  which  it  both  overhes  and  underlies,  and  is  dis- 
tinctly thicker  over  the  intrusion  than  under  it.  Above  the  apex  of  the 
intrusion  the  metamorphosed  zone  continues  in  the  form  of  a  pipe  or 
chimney  to  tte  surface,  where  its  outcrop  forms  two  sharp  hills,  resem- 
bling in  contour  the  volcanic  plugs  of  the  region  north  of  the  Tuxpam 
River.  This  extension  of  the  metamorphosed  zone  is  probably  due  to 
ascending  gases  or  thermal  waters,  and  not  directly  to  the  heat  of  the 
intruded  masses.  As  is  seen  on  the  sections,  the  upper  metamorphosed 
zone  including  both  the  black  and  the  brown  shales,  varies  from  100  to 
500  ft.,  and  the  underlying  zone  from  50  to  150  ft.,  in  thickness. 

The  igneous  rock  is  a  dolerite  or  gabbro  which  has  undergone,  in  places 
a  somewhat  extensive  alteration.     Drill  cuttings  of  the  rock  consist  for 
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the  most  part  of  gray  sand  much  resembling  a  true  quartz  sand.  Thin 
sand,  together  with  the  position  and  structure  of  the  igneous  rock,  which 
somewhat  resembles  that  of  a  thick  lens  of  folded  sedimentary  rock,  was 
quite  conducive  to  concealment  of  the  true  igneous  nature  of  the  intru- 
sion; and  the  geology  was  first  interpreted  as  that  of  a  simple  fold  in 
sedimentary  rocks.  Pieces  of  igneous  rock  several  centimeters  in  diame- 
ter have  been  recovered  from  the  cuttings.  A  sample  from  the  intrusion 
penetrated  by  well  No.  13  at  2,400  ft.,  has  a  porosity  of  6  per  cent.,  as 
determined  by  experiment.  A  sample  from  1,835  ft.  in  well  No.  16  is 
apparently  a  coarsely  crystalline  dolerite  and  is  quite  porous.  A  char- 
acteristic log  of  a  well  in  this  field  as  partly  determined  from  well  samples, 
is  as  follows: 


Furbero  WeU  No.  11 


Thickneas.       Depth, 


■'.^ 


Hi 


Yellow  clay  (surface) 

Blue  and  gray  shales  with  oily  seams,  between  400  and  900  ft. 

(unaltered). 
Black  and  brown  shales  of  variable  hardness  (metamorphosed) 

with  good  shows  of  oil  at  1,650  and  1,655  ft 

Gray  sand  (igneous  crystalline;  good  show  of  oil  at  1,650  ft.  con-  ! 

tact) ; 

Black  shales  (metamorphosed) ' 

Gray  shales  (unaltered) 

Small  production  of  oil  at  the  upper  cont-act  zone  of  igneous  and 
sedimentary  rocks. 


Feet 

29 

1,221 

415 

363 
122 
200 


Feet 

29 
1,250 

1,665 

2,028 
2,150 
2,350 
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'Jp, 
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VI.  Occurrence  of  the  Oil 

The  oil  in  this  field  occurs  in  commercial  quantities  both  in  the  igneous 
and  metamorphosed  rocks.  Well  No.  27,  the  Targest  well  in  the  field, 
though  it  was  already  producing  while  in  the  upper  metamorphosed 
shales,  ''came  in"  with  an  initial  production  of  almost  1,000  bbl.  per  day 
upon  being  drilled  30  ft.  into  the  igneous  rocks.  It  has  produced  more 
than  200,000  bbl.  of  oil,  most  of  which  has  apparently  come  from  the 
igneous-rock  reservoir.  Well  No.  28  also  showed  an  initial  production 
of  150  bbl.  per  day  from  a  depth  of  150  ft.  into  the  igneous  rock.  Well 
No.  9  has  produced  approximately  150,000  bbl.  from  the  upper  meta- 
morphosed shales;  and  most  of  the  production  of  the  remaining  welk 
has  come  from  the  metamorphosed  shales,  the  zone  of  contact  with  the 
igneous  rock  being  particularly  productive.  Salt  water  has  been  en- 
countered immediately  under  the  oil  in  several  of  the  wells. 

As  has  been  observed,  the  greatly  varying  porosity  of  the  rock,  rather 
than  the  structure,  is  believed  to  have  been  the  determining  factor  in  the 
accumulation  of  the  oil  of  this  deposit.     The  most  productive  wells  of 
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the  field  have  been  Nos.  9  and  27,  and  they  lie  to  the  east  of  the  center  of 
the  area  of  greatest  production.  The  crest  of  the  laccolith  or  dome  lies 
altogether  outside  the  most  productive  area,  though  some  oil  has  been 
encountered  in  every  well  drilled  to  a  depth  at  which  it  might  reasonably 
be  expected.  In  my  opinion,  the  intrusion  would  have  been  as  eifec- 
tive  in  any  form  which  it  might  have  assumed,  provided  that  it  did  not 
outcrop. 

From  a  knowledge  of  this  deposit  and  of  the  Mexican  fields  in  general, 
I  believe  that  the  oil  of  this  deposit  originated  in  the  Cretaceous  lime- 
stone, and  has  been  forced  upward  to  its  present  position  along  the 
metamorphosed  zone  of  contact  of  the  sedimentary  and  igneous  rocks. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
San  Frandsco  meeting,  September,  1915,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impos- 
sible, then  discussion  in  writins  may  be  sent  to  the  Editor.  American  Institute  of  Mining.  Engineers,  29 
West  39th  Street,  New  York,  N.  Y..  for  presentation  by  the  Secretary  or  other  representative  of  its 
suthor.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1915.  Any 
diaeussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Manufacture  and  Tests  of  Silica  Brick  for  the  Byproduct  Coke  Oven 

BT  KENNETH  SEAVEB,*  8.  B.,  PITTSBURGH,  FA. 
(San  Francisco  Meeting,  September,  1915) 

Introduction 

It  is  rather  gratifying  that  in  the  field  of  the  manufacture  of  refrac- 
tories, in  which,  as  a  whole,  foreign  practice  has  surpassed  us,  the  United 
States  stands  pre-eminent  in  the  making  of  silica  brick.  In  some  instances 
European  manufacturers  have  refused  point-blank  to  credit  the  possi- 
bility of  making  to  such  specifications  as  are  common  with  us,  until  the 
actual  completed  shapes  were  shipped  for  inspection.  But  both  the 
manufacturer  and  consumer  in  foreign  lands  are  now  frankly  learning 
from  us,  and  benefiting  by  our  advanced  practice  in  this  field,  as  is 
evidenced  by  the  orders  placed  here  and  the  efforts  put  forth  abroad  to 
come  up  to  the  standard  of  American-made  material. 

In  no  metallurgical  operation  has  the  employment  of  silica  brick  spread 
with  such  leaps  and  bounds  as  in  the  building  of  plants  for  the  carboniza- 
tion of  coal,  particularly  in  the  byproduct  coke  oven.  Today,  in  prac- 
tically all  types  of  oven,  the  structure  above  the  floor  level  (except  the 
facings)  is  of  silica,  while  in  the  recuperative  and  in  some  regenerative 
types,  its  use  is  extended  to  that  portion  of  the  oven  below  the  floor  as 
well. 

By  reason  of  the  fact  that  there  are  a  number  of  classes  of  refractories 
of  higher  silica  content  than  the  usual  so-called  fire-clay  brick,  there  is 
sometimes  a  misunderstanding  as  to  the  class  of  material  referred  to  as 
"silica"  brick.  We  here  refer  only  to  a  brick  having  a  silica  content  of 
94  per  cent,  or  more  and  made  usually  from  quartzite  rock  with  a  small 
percentage  of  lime  as  a  binder.  The  term  "silica"  brick  is  sometimes 
rather  loosely  applied  to  brick  from  highly  siliceous  clays,  or  to  a  quartz- 
ite refractory  of  mingled  fire-clay  and  quartz  rock;  but  such  products 
are  not  considered  in  this  discussion. 

Materials 

The  rock  from  which  practically  all  high-grade  silica  brick  are  made 
is  a  true  quartzite  or  metamorphosed  sandstone,  variously  known  as 
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ganister^  quartz,  quartzite,  silica  rock,  etc. — ^the  largest  fields,  in  the 
order  of  their  relative  importance  being  those  of  Pennsylvania,  Wis- 
consin, Alabama  and  Colorado. 

Pennsylvania  Quartzite 

Pennsylvania  manufactures  probably  from  75  to  85  per  cent,  of  all  the 
silica  brick  made  in  the  United  States;  nearly  allarenuide  from  the  quartz- 
ite  found  in  the  Medina  and  Oneida  formation.  While  this  formation 
extends  across  the  State  of  Pennsylvania  reaching  into  New  York  State 
on  the  north,  and  Maryland,  Virginia  and  still  farther  toward  the  South, 
the  quarries  are  practically  all  in  Huntingdon  and  Blair  Counties,  Penn- 
sylvania. It  is  in  this  restricted  area  that  the  quartzite  is  at  its  best. 
Toward  the  north  and  toward  the  south  it  becomes  softer,  is  no  longer  a 
true  quartzite,  or  is  too  much  impregnated  with  iron.  The  rock  is  also 
comparatively  easily  accessible  in  the  counties  mentioned,  enormous 
quantities  lying  loose  upon  the  surface.  The  particular  occurrence  of 
this  loose  rock  has  here  been  brought  about  by  the  Juniata  River  and  its 
tributaries,  as  they  have  cut  across  the  formation,  wearing  away  the 
softer  formations  beneath,  and  leaving  the  Medina  overhanging  and  ex- 

f  posed.    In  the  course  of  time  it  has  been  weathered  and  broken  up  by 

the  elements  into  the  bodies  of  loose  rock  or  "floes,"  as  they  are  called, 
which  may  cover  an  area  of  a  thousand  acres  or  more.  The  depth 
usually  varies  from  three  or  four  to  as  much  as  20  ft.     Smaller  floes 

^1  formed  in  the  same  way  may  be  found  along  the  flanks  of  the  moun- 

tains; but  they  nowhere  compare  in  size  with  those  formed  where  the 
measures  have  been  cut  transversely, 

S  This  rock  is  sometimes  quarried  out  of  the  solid  measures,  but  by  far 

the  largest  amount  used  is  that  taken  from  the  bodies  of  loose  rock,  as 
the  latter  is  not  only  cheaper  to  work  but  is  of  more  uniform  quality.  • 
The  white  Medina  formation  is  not  composed  entirely  of  quartzite,  but 
is  made  up  principally  of  sandstone  with  intermingled  strata  of  quartz- 
ite. Thus  where  the  formation  has  been  broken  up,  the  softer  sandstones 
unsuitable  for  the  manufacture  of  silica  brick  have  tended  to  weather 
away  and  disintegrate,  thus  leaving  the  larger  portion  of  the  floes  con- 
sisting of  quartzite.  When  sandstone  is  mixed  with  the  quartzite  in 
the  floes  it  is  readily  detected  by  its  appearance,  as  it  tends' to  become 
much  more  rounded  and  worn  in  weathering  than  does  the  quartzite, 
which  maintains  its  sharp  angular  edges. 

The  individual  pieces  in  these  floes  range  from  those  of  fist-size 
to  boulders  weighing  many  tons.  Probably  50  per  cent,  of  the  rock 
occurs  in  pieces  weighing  more  than  500  lb.  The  largest  floes  are  found 
at  the  gorges  of  the  Juniata  River  near  the  towns  of  Mount  Union, 
Mapleton,  Point  View,  Lewistown,  etc. 
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It  is  interesting  to  note  that  the  Oriskany  sandstone,  extensively  used 
as  glass  sand;  is  found  in  close  proximity  to  the  Medina  and  that  although 
exceedingly  pure  in  its  composition,  its  softness  renders  it  unsuitable  for 
high-grade  silica  brick.  It  consists  of  a  mass  of  minute  quartz  grains 
loosely  held  together,  and  often  so  friable  that  it  can  be  easily  worn  away 
by  the  hands.  On  the  other  hand,  the  Medina  quartzite  consists  of  quartz 
crystals  cemented  in  a  mixture  of  the  same  composition  and  of  equal 
hardness  with  the  crystals.  The  difference  in  the  two  types  of  rock  when 
ground  to  sufficient  fineness  for  the  manufacture  of  brick  is  obvious.  The 
harder  stone  gives  splintery,  angular  fragments;  the  other,  rounded 
grains.  Experience  shows  that  a  hard  rock  like  the  Medina  is  required 
for  a  physically  strong  silica  brick. 

The  white  Medina  which  occurs  in  Southern  Pennsylvania  near  the 
town  of  Hyndman  is  there  prominent  and  of  a  pure  variety,  but  by  no 
means  as  hard  as  the  quartzite  of  Huntingdon  County. 

A  representative  analysis  of  the  Pennsylvania  quartzite  is  as  follows: 

Per  Cent. 

Silica  (SiOa) 97.80 

Alumina  (AljOi) 0.90 

Ferric  oxide  (Feid) 0.85 

lime  (CaO) 0. 10 

Magnesia  (MgO) 0.15 

AlkaUes 0.40 


100.00 
Wisconsin  Quartzite 

This  rock,  much  used  in  the  manufacture  of  silica  brick  in  the  vicinity 
of  Chicago,  is  known  as  the  Baraboo  quartzite  from  the  town  of  that  name 
where  these  measures  appear,  and  near  which  the  quarries  are  located. 
The  rock  occurs  in  high  cliffs  throughout  this  region  and  is  especially 
prominent  around  Devil's  Lake.  Here  glacial  action  has  excavated  a 
broad  deep  valley  in  the  quartzite  formation  bounded  on  each  side  by 
cliffs  several  hundred  feet  in  height.  Their  bases  are  covered  with  the 
loose  rock  split  from  the  parent  ledges.  While  the  fragments  are  much 
larger  as  a  whole  than  the  weathered  Medina  of  Pennsylvania,  the  quality 
by  no  means  compares  with  the  latter.  Practically  all  the  stone  used  in 
brick  making  is  here  quarried  from  the  solid  measures. 

The  marked  peculiarity  of  this  rock,  as  compared  with  the  Pennsyl- 
vania quartzite,  is  its  reddish  color,  which  ranges  from  a  light  pink 
through  a  dark  purplish  red  almost  to  black.  It  is  often  as  red  as  the 
red  Medina  of  Pennsylvania,  a  sandstone  wholly  unsuited  for  brick 
making.  While  the  coloring  of  the  Baraboo  quartzite  is  due  to  iron,  it 
is  yet  an  exceedingly  pure  rock.     The  quartzite  often  becomes  lighter  in 
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color  as  the  quarry  works  in  from  the  face  of  the  cliff,  but  it  is  the  ex- 
ception to  find  white  rock. 

This  Baraboo  quartzite,  estimated  as  some  4,000  to  5,000  ft.  in  thick- 
ness, is  a  metamorphosed  sandstone,  the  sedimentary  origin  of  which  is 
indicated  by  its  parallel  bedding  planes,  by  ripple  marks,  etc.  Layeis 
of  quartzite  are  often  separated  by  beds  of  quartz  schist  varying  from  a 
few  inches  to  several  feet  in  thickness.  This  schistose  structure  is  due  to 
the  admixture  during  deposition  of  clayey  material,  which  in  the  subse- 
quent folding  and  bending  of  the  rock  has  developed  a  slablike  or  schis- 
tose structure. 

The  United  States  Geological  Survey  explains  the  formation  of  the 
quartzite  as  due  to  the  enlargement  of  the  original  quartz  grains  and  to 
the  deposition  of  interstitial  quartz.  It  is  the  latter  that  carries  the 
iron  oxides,  which  give  the  characteristic  color  to  the  rock.  Regardless 
of  its  color,  the  formation  throughout  shows  the  physical  characteristics 
of  hardness  and  strength,  as  well  as  the  splintered  and  angular  fracture 
in  crushing,  identical  with  the  Medina  quartzite  of  Pennsylvania.  A 
typical  analysis  follows: 

Per  Cent. 

Silica  (SiO,) 97.15 

Alumina  (A1,0,) 1.00 

Ferric  oxide  (FcOa) 1 .05 

Lime  (CaO) 0.10 

Magnesia  (MgO) 0.25 

Alkalies 0.10 


99.65 


Alabama  Quartzite 

The  material  used  in  silica  brick  manufactured  in  Birmingham, 
Ala.  is  found  in  the  eastern  part  of  that  State.     It  is  bluish  white,  and  as 
hard  and  crystalline  as  the  Wisconsin  quartzite;  average  analyses  show 
|j}  it  to  be  equally  pure.     It  occurs  in  lenses  of  varying  size,  in  a  sandstone 

formation.  It  is  probably  a  quartzite  formed  by  a  leaching  out  of  im- 
purities from  the  parent  rock  followed  by  a  crystal  growth  and  additional 
deposit  of  silica  from  circulating  waters.     A  typical  analysis  follows: 


Per  Cent. 

SiHca  (SiOt) 97.70 

Alumina  (AljO,) 0.96 

Ferric  oxide  (FejO.) 0.80 

Lime  (CaO) 0.05 

Magnesia  (MgO) 0.30 

Alkalies 0.31 


100.12 

In  (Colorado  and  Montana  both  quartzite  and  sandstone  are  used  to 
some  extent  in  the  manufacture  of  silica  brick. 
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^  Method  of  Manufacture 

Quarrying 

The  methods  of  quarrying  as  necessitated  by  the  mode  of  occurrence 
of  the  quartzite  are  so  obvious  as  to  need  no  description.  A  point  that 
will  bear  emphasis  however,  is  the  necessity  of  adequate  supervision  in  the 
selection  of  the  rock,  whether  it  be  from  floes  or  from  the  solid  measures. 
Whatever  the  location  or  occurrence  of  the  rock,  such  care  is  essential; 
the  easiest  way  to  keep  bad  rock  out  of  the  brick  is  never  to  let  it  reach 
the  plant. 

Grinding 

After  the  rock  broken  to  one  man  size  is  received  at  the  rear  of 
the  brick  plant,  it  is  put  through  some  one  of  the  familiar  types  of  crushers, 
which  reduces  it  to  practically  the  size  of  a  1-  to  2-in.  ring.  It  is  then 
elevated  to  storage  bins  from  which  it  may  be  fed  direct  in  definitely 
weighed  quantities  to  the  wet  pans  for  grinding. 

Into  the  wet  pans,  as  the  grinding  proceeds,  2  per  cent,  of  lime, 
by  weight,  is  introduced  as  milk  of  lime.  When  the  brick  is  burned,  the 
lime  in  combination  with  the  other  elements  in  the  mass  serves  to  give 
the  necessary  bond  or  physical  strength.  The  quality  of  the  lime  has 
no  small  eflfect  upon  the  resulting  characteristics  of  the  brick.  The 
effect  of  an  increase  in  lime  from  2  to  3  per  cent,  is  not  marked;  but  such 
as  it  is,  renders  the  brick  less  able  to  withstand  abrasion,  as  is  indicated 
by  rattler  tests.  The  decrease  in  strength  on  further  additions  of  lime 
up  to  7  per  cent,  is  progressive,  and  becomes  more  and  more  evident 
with  each  addition.  There  is,  on  the  other  hand,  a  decrease  in  strength 
at  1.5  per  cent,  of  lime,  and  a  marked  weakness  and  friability  as  the 
amount  of  lime  is  still  further  diminished.  As  regards  ultimate  refrac- 
toriness, no  marked  effect  is  noticeable  upon  increasing  the  lime  addition 
up  to  3  per  cent.  From  that  point  on,  the  effect  is  clear  in  a  lowering  of 
the  fusion  point. 

The  fineness  to  which  the  charge  in  the  wet  pan  is  to  be  ground 
depends  upon  the  nature  of  the  brick  to  be  made  from  it  and  is,  of  course, 
controlled  by  the  time  during  which  the  charge  is  allowed  to  remain  in 
the  pan.  In  general,  one  charge,  containing  material  for  200  brick,  will 
be  ground  at  the  rate  of  approximately  four  pans  per  hour  for  standard 
9-in.  brick,  while  to  obtain  the  fineness  requisite  for  the  intricate  and  diffi- 
cult shape-work  necessary  in  byproduct  coke-oven  construction,  but  two 
pans  per  hour  may  be  possible.  The  rock  is  exceedingly  hard,  and  a 
comparatively  slight  increase  in  the  fineness  of  grind  is  accompanied  by 
a  seemingly  disproportionate  lowering  of  grinding  capacity,  and  in- 
crease in  wear  on  the  pans. 
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The  actual  differences  in  grind,  however,  are  much  smaller  tbui  is 
often  imagined.  Figs.  1  and  2  are  photomicrographs  with  a  magoifica- 
tion  of  2  diameters,  the  ground  material  showing  on  a  background  of 
cross-section  paper  with  0.1-in.  spacing.  The  specimens  are  from 
pieces  of  green  or  unburned  silica  brick  of  equal  weight,  crushed  down  after 
drying.  Fig.  2  indicates  typical  fine-ground  shape-work,  while  Fig.  1  is 
that  of  average  standard  9-in.  brick. 


It  will  be  plainly  apparent  from  the  photomicrographs  that  the 
difference  lies  not  so  much  in  the  actual  size  of  either  the  coarse  or  the 
fine  grains  as  in  the  relative  proportion  of  fines.  In  the  finer-ground 
brick  the  larger  proportion  of  these  is  clearly  evident.  There  can  be  no 
.  question  that  the  general  effect  of  increasing  the  fineness  of  grind  is  to 
■  improve  the  abrasive  resistance  of  the  brick,  if  it  is  properly  burned. 
In  general  the  requirements  as  to  grind  'contained  in  typical  coke-oven 
specifications  have  worked  no  hardship  upon  the  manufacturer;  for  the 
present-day  standard  of  workmanship  on  byproduct  oven  shapes  is  such 
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as  to  "carry  its  own  grind  with  it,"  if  the  expresBion  may  be  used.  To 
secure  the  accurate  filling  out  of  the  shapes,  and  the  clean-cut  accuracy 
eveiywhere  essential,  the  grind  is  actually  much  finer  than  is  requisite 
to  Ratiefy  the  usual  specifications  as  to  that  particular  feature. 


Fia.  2.— Sample  showing  Material  ubbd  in  Ttpical  Fine  Ghoiind  Shape  Work 
Magnification  2  Diameters. 

Molding 

The  ground  silica  material  as  ready  to  mold  is  of  about  the  con- 
sistency of  damp  Band,  but  probably  because  of  the  extreme  angularity 
of  its  grains  has  less  Sow  as  it  is  manipulated.  As  a  consequence,  the 
molds  must  be  filled  by  pounding  with  heavy  plank  beaters  covered  with 
metal,  and  all  comers  and  shapes  of  irregular  outline  must  be  rammed 
in  by  hand,  much  as  sand  molds  are  made,  but  with  much  heavier  blows. 
Unequal  ramming,  which  leaves  too  great  a  variation  in  the  density  of  the 
green  brick,  will  give  unequal  expansion  in  the  kiln.  It  is  by  no  means 
uncommon  to  lose  hundreds  of  a  new  and  difficult  shape  through  such 
fire-cracking.  To  get  proper  molding  and  ramming  requires  the  strict- 
est supervision. 
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3,002®  F.)  directly  in  front  of  the  firebox,  for  another  day,  after  which  the 
fireboxes  may  be  sealed  and  allowed  to  remain  thus  for  approximately 
24  hours  more.  Cooling  will  require  about  as  long  as  the  burning  proper; 
but  this  varies  somewhat  with  atmospheric  conditions. 

It  is  obviously  diflScult  to  take  temperatures  in  the  interior  portions 
of  the  kiln  except  by  cones;  but  there  are  often  most  perplexing  varia- 
tions in  this  method.  There  are  apparently  certain  conditions  in  the 
atmosphere  of  a  burning  silica  kiln  which  alter  the  readings  of  standard 
cones  to  no  small  degree.  Cones  which  give  concordant  results,  week  in 
and  week  out,  in  clay  kilns  are  often  decidedly  erratic  in  registering  the 
temperatures  of  silica  kilns.  It  is  by  no  means  uncommon  to  witness 
cones  of  higher  number  go  down,  while  next  to  them  those  lower  in  the 
series  are  either  but  slightly  bent  or  apparently  unaffected. 

Effect  of  Burning  on  Composition  and  Expansion 

In  any  discussion  of  the  desirable  qualities  of  silica  brick  there  is 
frequently  expressed  the  necessity  that  "all  the  expansion  shall  be  burned 
out  of  them."  This  brings  out  the  following  questions:  What  is  the 
nature  of  this  expansion;  what  produces  it;  what  is  its  extent,  and  how 
fully  can  it  be  controlled. 

That  the  terms  used  in  the  discussion  may  be  clear,  let  it  be  premised 
that  all  silica  brick  are  of  course  made  in  molds  smaller  than  the  proposed 
size  of  the  finished  or  burned  brick,  and  that  under  the  influence  of  heat 
a  permanent  expansion  occurs,  swelling  the  brick  from  the  mold  or 
"green"  brick  size  to  the  required  or  "burned"  size.  It  is  desired  that 
this  permanent  expansion  occurring  during  burning  be  completed  so  as  to 
preclude  further  permanent  expansion  in  subsequent  use. 

Now,  in  every  burned  silica  brick  expansion  will  occur  on  heating — a 
true  thermal  expansion,  identical  in  its  general  character  with  that 
incident  to  the  heating  of  practically  all  bodies.  Such  thermal  or 
temporary  expansion  will  disappear  upon  cooling,  and  being  the  ex- 
pression of  the  coefficient  of  expansion  of  the  silica  it  is  unavoidable. 
This  thermal  or  temporary  expansion;  occuring  upon  heating  a  burned 
silica  brick  is  not  to  be  confused  with  the  permanent  expansion  pro- 
duced in  the  body  of  the  brick  during  its  manufacture.  It  is  argued 
that,  if  a  silica  brick  is  not  properly  burned,  then,  upon  reheating  in 
actual  coke-oven  practice,  there  will  be  not  only  a  normal  thermal  ex- 
pansion but  an  additional  expansion  of  indeterminate  amount  which  will 
be  permanent.  It  is  essential  in  the  construction  of  the  coke  ovens  that 
the  expansion,  whatever  its  nature,  be  as  small  as  possible,  and  that, 
whatever  it  is  to  be,  it  be  known  and  adequately  cared  for. 

It  will  be  recalled  that  the  silica  brick  under  consideration  is  formed 
by  adding  2  per  cent,  of  lime  to  quartzite  rock  of  the  following  composi- 
tion, say: 


iv-i 


Ki;  ■  -. 
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Per  Cent. 

SiUca  (SiOj) 97.80 

Alumina  (AUO,) 0.90 

Ferric  oxide  (FejO,) 0.85 

Lime  (CaO) 0.10 

Magnesia  (MgO) .' 0.15 

Alkalies 0.40 

100.20 

The  representative  silica  brick  produced  may  be  assumed  to  have 
the  following  composition: 

Per  Cent. 

Silica  (SiO,) 96.25 

Alumina  (AljOs) 0.88 

Ferric  oxide  (FejO,) 0.79 

Lime  (CaO) 1.80 

Magnesia  (MgO) 0 .  14 

AlkaUes 0^39 

100.25 

What  are  the  changes  which  occur  as  the  siliceous  mass  is  burned? 

Certain  of  these  are  obvious,  such  for  instance  as  the  formation  of  a 
bond  of  one  or  more  of  the  lime-silica  compounds  such  as  the  meta-silicate 
CaO,  SiOs  or  the  ortho-silicate  2CaO,  Si02.  With  the  exception  of  the 
lime  present,  the  ferric  oxide  of  iron  and  the  alumina, '  though  small  in 
quantity,  are  the  preponderating  impurities  and  there  is  undoubtedly 
formed  a  certain  amount  of  silicate  of  iron  as  well  as  compounds  of  the 
lime-alumina  series.  Whereas  the  lowest  melting  point  incident  to  any 
eutectic  of  the  lime-siUca  system  is  1,436°  C.  (2,617°  F.)  and  of  the  alumina- 
silica  series  is  1,610° C.  (2,930° F.),  while  that  of  the  Hme-alumina  system 
is  1,400°  C.  (2,552°  F.),  some  of  the  eutectics  of  the  ternary  system 
CaO,  Al208,Si02melt  at  approximately  1,170°  C.  (2,138°  F.)  and  are  thus 
among  the  first  of  the  flux  compounds  resulting. 
I  No  less  important,  though  less  recognized,  changes  are  occurring  in  the 

brick  as  it  is  heated.  The  evidence  of  the  change,  regardless  of  its 
reason,  is  easily  indicated  by  the  most  casual  measurement  when  brick 
are  drawn  from  the  kiln  from  time  to  time,  as  higher  temperatures  are 
reached.     The  final  expansion  will  be  very  close  to  %  in.  per  foot. 

The  theory  of  this  expansion  is  that  a  change  occurs  in  the  crystal- 

:f  line  form  of  the  silica,  an  inversion  from  the  quartz  crystal  to   the 

crystalline  form  of  crystobalite.     The  intermediate  crystalline  form  of 

tridymite  does  not  apparently  occur  here.     Since  these  various  crystal 

forms  have  varying  specific  gravities  the  volumes  accordingly  vary. 

The  valuable  work  done  by  Day  and  Shepherd^  and  particularly  by 
Fenner,^  give  the  results  in  a  large  field  of  laboratory  experiment,  which 


iti 


^  The  Lime-Silica  Series  of  Minerals,  American  Journal  of  Science,  4th  series, 
vol.  XX,  No.  130,  pp.  265  to  302  (1906). 

*The  Stability  Relations  of  the  Silica  Minerals.  American  Journal  of  <Sct>rice, 
4th  series,  vol.  xxxvi,  No.  314  (1913). 
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make  possible  a  fair  understanding  of  what  occurs  in  the  actual  burn- 
ing of  the  silica  brick.  Fenner's  work  was  to  establish  among  other  things 
the  relations  between  the  silica  minerals  quartz,  tridymite,  and  cristo- 
balite,  any  of  which  may  be  converted  into  any  other  of  these 
by  appropriate  heat  treatment.  For  the  purposes  of  this  discus- 
discussion  it  is  unnecessary  to  touch  upon  the  alpha  and  beta  phases  of 
these  minerals.  In  substance,  the  results  under  the  conditions  imposed 
by  the  experiments  were  that  powdered  quartz,  if  heated,  remains  quartz 
until  a  temperature  of  870**  C.  (1,598°  F.)  is  reached,  at  which  inversion 
point  there  begins  a  slow  change  to  tridymite.  If  heat  is  still  applied, 
there  is  no  further  change  from  tridymite  until  1,470°  C.  (2,678°  F.) 
is  reached,  when  inversion  to  the  form  of  cristobalite  has  its  beginning. 
There  is  no  further  change  until  the  cristobalite  melts  into  a  glass. 
Thus  the  stable  phase  of  quartz  (quartzite  rock  as  applied  to  silica-brick 
manufacture)  extends  to  870°  C.  (1 ,598°  F.) .  Between  870°  C.  (1 ,598°  F.) 
and  1,470°  C.  (2,678°  F.)  the  stable  phase  is  tridymite,  while  above 
1,470°  C.  (2,678°  F.)  cristobalite  is  stable. 

As  a  whole  it  must  be  carefully  noted  that  the  changes  from  one 
mineral  to  another  were  exceedingly  slow,  particularly  near  the  inversion 
points.  So  slow  in  fact  were  the  alterations,  that  the  melts  were  made 
with  a  large  excess  of  sodium  tungstate  which  acted  as  a  flux  or  catalyzer. 
The  powdered  quartz  or  whatever  might  be  the  silica  mineral  under  study 
was  stirred  into  the  molten  bath  of  flux  and  the  platinum  container  was 
then  heated  in  a  suitable  furnace.  This  flux  in  no  way  entered  into  chemi- 
cal combination  with  the  silica  but  only  aided  and  quickened  its  action, 
apparently  furnishing  a  fluid  medium  through  which  the  molecular  rear- 
rangement was  facilitated.  In  spite  of  this,  the  slowness  of  the  inversion, 
often  requiring  many  hours,  will  bear  emphasis  in  drawing  conclusions  re- 
garding any  parallelism  between  these  experiments  and  the  burning  of  brick. 

A  particularly  noteworthy  fact  is  that  in  the  absence  of  a  flux  or 
catalyzer,  the  inversion  from  quartz  to  tridymite  does  not  occur,  but  the 
inversion  is  direct  to  cristobalite,  and  there  is  a  shift  in  the  inversion 
point  to  as  low  as  1,250°  C.  (2,282°  F.)  although  the  change  at  this 
temperature  is  slow. 

This  entire  absence  of  tridymite  in  quartz  heated  well  above  870°  C. 
(1,598°  F.)  the  quartz-tridymite  inversion  point,  although  difficult  of 
explanation,  is  apparently  proven.  As  indicative  of  the  time  element 
requisite  for  such  an  inversion,  in  one  experiment  fine-ground  quartz 
heated  108  hr.  at  1,250°  C.  (2,282°  F.)  without  flux  gave  but  a  small 
percentage  of  inversion  while  with  90  hr.  at  1,360°  C.  (2,570°  F.)  approxi- 
mately two-thirds  became  cristobalite. 

In  considering  these  changes  in  the  cr^^stalline  form  of  silica,  some  of 
the  characteristic  properties  of  the  three  will  not  only  make  clearer  the 
method  of  distinguishing  them,  but  also  throw  some  light  on  the  reasons 
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for  the  eifects  these  inversions  exhibit. 

Quartz  has  a  specific  gravity  of  2.65,  tridymite  of  2.27,  and  cristobalite  of 
2.33.  Each  has  its  characteristic  crystal  form,  the  quartz  being  usually  in 
the  familiar  hexagonal  pyramids,  prisms  or  combinations  of  these.  Tridy- 
mite often  occurs  in  thin  tablets  or  plates  hexagonal  in  shape.  Cristobalite 
is  exceedingly  irregular  in  the  development  of  its  crystal  form  but  often 
develops  octahedral  caps  along  the  closely  interlacing  axes  of  elongation. 

It  is  the  difference  between  the  indices  of  refraction  of  these  minerals, 
however,  that  furnishes  the  greatest  aid  in  distinguishing  the  one  from 
the  other. 

Tests. — As  a  starting  point  from  which  to  work  in  determining  the 
effect  of  burning,  a  set  of  sample  silica  brick  were  taken  from  one  kiln, 
all  from  the  same  zone  and  from  a  kiln  of  absolutely  normal  burn. 
In  this  instance  they  were  first  burned  at  a  point  about  8  ft.  from  the 
wall  and  6  ft.  from  the  bottom.  This  sample  was  divided  into  three 
parts,  one  to  be  kept  unaltered,  one  to  be  reburned  under  the  same 
conditions,  and  a  third  to  have  two  reburns.  In  addition  to  this,  pieces 
of  quartz  rock  received  one  and  two  burns  respectively,  with  the  view 
of  obtaining  the  same  data. 

The  primary  object  was  to  determine,  if  possible,  how  far  the  inversion 
from  quartz  to  cristobalite  had  progressed  under  the  successive  conditions. 
Each  burn  was  made  as  nearly  uniform  as  practicable,  and  in  each  suc- 
ceeding burn  the  effort  was  made  to  maintain  identical  conditions.  At 
that  part  of  the  kiln  where  these  brick  were  burned  the  temperature 
reached  1,540°  C.  (2,804°  F.),  and  they  were  subjected  to  that  heat  for 
approximately  40  hr. 

*  In  general,  the  chief  optical  constant  serving  to  distinguish  cristobalite 
on  the  one  hand  from  quartzite  and  calcium  silicate  on  the  other  was  the 
index  of  refraction.  The  slow  ray  of  quartz  has  a  refractive  index  of 
1.544  while  the  index  of  the  fast  ray  of  cristobalite  is  about  1.485.  The 
immersion  method  was  used  to  determine  the  indices  of  the  grains, 
the  powdered  brick  being  immersed  in  a  liquid  of  index  1.51.  By  this 
method  it  was  possible  to  distinguish  between  the  higher-refracting  quartz 
!  Ijr  and  calcium  silicate  and  the  lower-refracting  cristobalite. 

i^  With  the  aid  of  a  camera  lucida^  the  fields  were  sketched  on  very  thin 

tracing  paper.  The  grains,  as  represented  on  the  paper,  were  then  cut 
out  and  weighed  for  each  constituent.  Aside  from  the  fact  that  the 
composition  of  different  fields  may  vary,  other  errors  are  entailed  in  the 
sketching,  cutting  out  and  weighing  so  that  a  variation  of  5  per  cent. 
i  is  justifiable.     In  these  determinations  the  fields  of  the  same  specimen 

*  The  heartiest  appreciation  is  here  expressed  to  A.  A  Klein,  Petrographer  in 
the  U.  S.  Bureau  of  Standards  at  Pittsburgh,  for  his  courtesy  in  making  these 
determinations  that  they  might  be  concluded  in  time  for  presentation  here.  The 
quality  of  Mr.  Klein's  work  needs  no  comment. 
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checked  to  within  5  per  cent,  maximum  and  1  per  cent,  minimum  error. 
Results. — The  tabulated  data  are  as  follows: 


Specimen 


Lot  1 

(Ist  burn) . 
Lot  2 

(2nd  bum} 
Lots 

(3rd  bum) . 
Quartz  rock . . 

(1st  burn) . 
Quartz  rock . . 

(2nd  burn) 


Field 

Quarti  and 
Caldum 
Rilioate. 
Per  Cent. 

24.87 
20.42 
14.31 
,       19.96 
17.44 
14.60 
50.08 
51.05 
32.70 
30.06 

Average, 
Per  Cent. 

Cristobalite, 
Per  Cent. 

Average, 
Per  Cent. 

1 

75.13 

79.58 
85.69 
80.04 
82.56 
85.40 
49.92 
48.95 
67.30 
69.94 

2 
1 

22.65 

77.35 

2 
1       1 

17.13 

82.87 

2 
!        1 

16.02 

83.98 

2 

1 

2 

1 

50.57 

^ 

48.95 

31.38 

68.62 

A  number  of  interesting  deductions  may  be  made  even  from  these 
preliminary  tests.  The  maximum  change  takes  place  at  the  first  burning, 
followed  by  a  further  appreciable  inversion  at  the  second,  and  practically 
no  change  at  the  third. 

The  grain  structure  of  the  reburned  silica  brick  may  throw  some  light 
on  this  subject.  Here  the  grains  may  be  seen  to  be  essentially  cristobal- 
ite, with  the  quartz  occurring  as  an  inclusion.  The  last  stages  of  the  in- 
version are  apparently  exceedingly  slow  within  the  protecting  envelope. 

The  smaller  percentage  of  inversion  in  the  case  of  the  quartz  rock  as 
compared  with  the  brick  is  very  noticeable,  and  is  undoubtedly  due  for  the 
most  part  to  the  grinding  of  the  quartz  in  the  manufacture  of  the  brick. 
This  is  wholly  in  line  with  Fenner's  laboratory  experiments,  in  which  he 
found  the  influence  of  comparative  grinds  to  be  slight  if  the  silica  mineral 
were  heated  with  a  flux,  but  to  be  marked  if  the  material  were  heated  with- 
out a  flux.  Fine  grinding  greatly  hastened  the  inversion.  The  greater 
freedom  of  movement  in  expansion  as  compared  with  the  exceedingly  dense 
quartz  body  is  probably  the  controlling  factor,  rather  than  any  difference 
in  the  penetration  of  the  heat. 

The  part  played  in  the  inversion  (if  any  part  is  played)  by  the  lime 
and  its  compounds  present,  is  of  much  interest.  It  appears  logical  that 
the  greater  fluidity  conferred  by  the  fluxes  present  should  have  an  in- 
fluence; but  it  must  be  borne  in  mind  that,  as  compared  with  previous 
experimental  work  on  silica  minerals,  the  amount  of  flux  present  in  the 
brick  is  exceedingly  small,  and  that  definite  chemical  compounds  are 
formed  in  combination  with  the  brick  body.  In  Fenner's  work  the  sodic 
tungstate  formed  no  such  chemical  compounds,  and  remained  unchanged 
at  the  conclusion. 

The  fact  moreover  that  no  tridymite  was  determinable  in  either  the 
burned  brick  or  the  calcined  quartz  is  explained  by  the  presence  of  the 
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negligible  amount  of  flux.     This  would  favor  the  direct  inversion  of 
quartz  to  cristobalite. 

Thus  far,  we  have  assumed  the  changes  in  crystal  form  to  be  desir- 
able^  because  of  their  effect  on  the  expansion  of  the  material. 

Effect  of  Burning  on  Physical  Strength 

It  is  also  of  interest  to  note  the  effect  of  the  reburning  on  the  physical 
strength  of  the  brick.     To  determine  this,  the  following  tests  were  run: 

Cross-Breaking  or  Modulus  of  Rupture  Test 


Number 
of  Burns 


1 
1 

2 
2 

3 

3 


Mark 


Breadth 

of  Brick, 

Inches 


9A 

2.46 

9A 

2.42 

9B 

2.50 

9B 

2.50    ; 

9C 
9C 


2.06 
1.96 


Depth  of 

Brick, 

Inches 


4.40 
4.40 

4.50 
4.50 

4.50 
4.50 


Weight  Causing 

Fracture  of  Brick, 

Pounds 


Length    |M?**J!!j"»°r 

between    I   ^"^uf"  Ave, 

Supports,  li,*^°Q     ®     ,  Poun 

t^!:k«.  '  !  Per  Square  "''^ 


Inches 


ram, 
ina« 


3,550 
3,000 

4,140 
5,000 

4,500 
4,550 


6 
6 

6 
6 

6 
6 


1 


671 
576 

730 

889 

971 
1,031 


624 


809 


1,001 


Crushing-Test:  Whole  Brick  Crushed  Flat 


Number 
of  Burns 


Mark 


Dimensions, 
Inches 


Area, 

Square 
Inches 


Load, 
Pounds 


Cnuhing 

Strength 

per  Square 

Inch, 

Pounds 


Poum 


verage, 
'ounds 


1 
1 

2 
2 

3 
3 


9A2    ,  9.00  by  4.40  by  1.96  I    39.60    |  176,800  '       4,465 
9A2    ;  9.04  by  4.44  by  2.04      40.14    1167,000         4,161 


9B2       9.10by  4.46  by  2.02      40.58 
9B2    '  9. 10  by  4.40  by  2.06      40.04 


9C2       9.06by  4.42  by  2.00  !    40.04 
9C2      9.12  by  4.46  by  2.06  I    40.68 


I 


186,500 
168,000 

195,000 
168,000 


4,596 
4,196 


4,313 


4,396 


4,870 

4,130     I    4,500 


The  increased  strength  of  the  brick  is  evident. 

Conclusions 

In  considering  whether  or  not  all  the  expansion  possible  is  burned  out 
of  the  brick,  it  is  necessary  to  determine  first  the  limits  and  then  how 
closely  they  are  approached. 

Day,  Sosman  and  Hostetter  say'  that  the  true  specific  volume  of 
cristobalite  as  compared  with  quartz  at  20°  C.  is  13.4  per  cent,  greater. 

'The   Determination  of   Mineral  and   Rock   Densities  at  High  Temperatures. 
American  Journal  of  Science^  4th  series,  vol.  xxxvii,  No.  217,  pp.  1  to  39  (1914). 
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Assuming  a  green  brick  to  be  wholly  pure  quartz  (100  per  cent.  SiOj), 
and  the  brick  burned  from  it  wholly  cristobalite,  the  volume  increase 
would  then  be  13.4  per  cent,  if  the  relative  porosity  of  the  body  be 
disregarded.  This  theoretically  possible  expansion  is  diminished  by  the 
effect  of  the  impurities  present  in  the  actual  brick,  and  by  the  resulting 
compounds  formed.  For  instance,  4  per  cent,  of  impuiities  would  pro- 
duce a  much  larger  proportion  of  compounds  to  which  this  expansion 
phenomenon  does  not  apply. 

An  expansion  of,  say,  %  to  Ke  ^^-  per  foot,  to  which  byproduct 
coke-oven  silica  is  burned,  thus  provides  for  somewhat  more  than  13 
per  cent,  increase  in  volume. 

It  must  be  borne  in  mind,  however,  that  by  quick  burning  the  brick 
may  be  easily  expanded  by  double  or  treble  the  normal  amount;  but  sound 
brick  do  not  result.  This  excessive  expansion  is  due  to  minute  fissures 
opened  up  in  the  body  of  the  brick  by  a  too  sudden  rise  in  tempera- 
ture during  burning.  In  the  early  stages  of  firing  the  heat  must  be  raised 
very  slowly.  In  general  the  conclusion  is  justified  that  the  present  good 
commercial  practice  carries  the  results  of  the  quartz-cristobalite  in- 
version to  the  greatest  degree  economically  possible  and  that  the 
measure  of  the  expansion  of  the  brick  affords  a  closely  approximate 
measure  of  the  inversion — providing  only  that  the  brick  are  sound. 

The  short  series  of  tests  outlined  above  are  given  with  fuU  realization 
that,  while  indicative,  they  are  by  no  means  conclusive.  They  were  but 
the  preliminary  runs,  necessarily  made  somewhat  in  haste,  but  giving  data 
which  permit  intelligent  plans  to  be  made  for  the  more  comprehensive 
tests  now  under  way.  There  is  much  to  be  learned  as  to  the  effect  of 
both  time  and  temperature  as  well  as  the  influence  of  pressure,  which 
may  produce  a  shifting  of  some  of  the  inversion  points.  Judging  from 
the  work  thus  far  done,  it  is  impossible  to  expect  the  full  inversion  of 
quarts  to  cristobal'te  under  any  practical  operating  conditions  of 
manufacture. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  presented  in  person  at  the 
San  Francisco  meeting,  Sept.,  1915,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writine  mi»r  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov..  1,  1915.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Mine  Pumping 

BY   CHARLES   LEQRAND,*   DOUGLAS,    ARIZ. 
(San  Francisco  Meeting,  September,  1915) 

The  problem  of  mine  pumping  is  so  much  affected  by  local  conditions, 
and  those  conditions  are  so  liable  to  changes  during  the  life  of  a  mine,  that 
the  best  system  to  use  is  difficult  to  determine.  The  experience  of  the 
writer  has  been  that,  in  general,  for  copper  mines,  electric  pumping 
is  most  satisfactory  imless  the  quantity  of  water  to  be  pumped  is  great  or 
the  mine  does  not  use  electric  power  for  any  other  purpose.  As  a  rule, 
however,  figuring  on  the  cost  of  necessary  power  plant,  the  total  cost  of 
installation  is  greater  with  electric  pumps  than  steam  pumps. 

As  the  water  is  liable  to  be  gritty,  outside-packed  plunger  pumps  are  to 
be  recommended,  and^if  the  water  is  not  acid,  or  only  slightly  so,  chilled 
cast-iron  plungers  pay  for  their  extra  cost  very  quickly  in  diminished 
cost  of  packing.  With  chilled  plungers  it  is  possible  to  use  metallic 
packing  instead  of  soft  packing,  if  the  water  is  not  too  gritty  nor  the  lift 
too  high. 

In  vertical  pumps  this  packing  is  satisfactory  for  lifts  up  to  400  ft.,  in 
the  experience  of  the  writer,  and  may  be  found  satisfactory  for  higher  lifts. 

For  water  slightly  acid,  cement-lined  pump  bodies  have  given  good 
satisfaction. 

For  acid  water,  both  plungers  and  pump  bodies  should  be  made  of  acid- 
resisting  bronze. 

For  high  lifts,  especially  with  gritty  water,  a  satisfactory  pump  valve 
is  difficult  to  find.  To  reduce  the  unbalanced  pressure  on  the  valve  at 
time  of  opening  it  is  advisable  to  have  narrow  seats;  this,  however, 
brings  high  pressures  on  the  seats  when  the  valve  is  closed.  On  large 
valves  for  lifts  of  600  to  1,000  ft.  we  have  used  leather,  hard  rubber, 
vulcanized  fiber,  and  soft  brass;  for  clear  water  the  latter  has  given  best 
satisfaction. 

The  difficulties  due  to  grit  make  it  advisable  to  have  large  sumps 
where  water  can  settle,  and  if  possible,  to  have  two  of  them  so  that  they 
can  be  cleaned  alternately. 

At  the  mines  of  the  Old  Dominion  Copper  Mining  &  Smelting  Co., 
Globe,  it  was  found  that  a  small  air  ejector  discharging  into  a  mine  car 
is  a  very  convenient  way  to  clean  mud  and  sand  from  a  sump. 

*  Consulting  Engineer,  Phelps,  Dodge  &  Co. 
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The  steam  pumps  can  be  divided  into  two  broad  classes:  The  direct 
acting,  with  simple,  compound,  or  triple-expansion  steam  cylinders;  and 
fly-wheel  pumps  with  compound  or  triple-expansion  steam  cylinders.  All 
the  steam  pumps  are  usually  run  condensing,  both  for  steam  economy  and 
because  exhaust  steam  cannot  be  discharged  in  the  mine. 

The  steam  consumption  per  water  horsepower  diminishes  in  the  order 
given  above  and  the  complexity  of  the  pumps  increases  as  the  steam  con- 
sumption diminishes. 

The  simple  direct-acting  pump  is  so  uneconomical  in  steam  consump- 
tion that  it  should  not  be  used  for  permanent  pumping  although  very 
simple  and  convenient  in  emergencies.  It  can  also  be  used  with  com- 
pressed air  instead  of  steam. 

The  compoimd  direct-acting  pump  for  small  power  is  a  satisfactory 
pump. 

The  triple-expansion  direct-acting  pump  is  fairly  economical  in  the 
use  of  steam  if  proportions  of  steam  and  water  ends  are  correct  for  the  lift. 
In  a  great  many  installations,  this  is  not  the  case  and  the  steam  end  of  the 
pump  is  too  large  for  the  work  done,  increasing  considerably  the  steam  con- 
sumption per  horsepower.  It  is  quite  usual  for  mine  managers  to  specify 
a  higher  lift  for  the  pump  than  they  expect  to  have  when  the  pump  is 
installed,  so  as  to  enable  them  to  put  the  pump  at^  lower  level  later  on; 
if  a  pump  has  to  be  ordered  for  such  a  change  of  lift  it  will  be  found  ad- 
vantageous to  order  the  pump  for  the  correct  lift  but  specify  the  water 
end  strong  enough  to  stand  the  maximum  pressure  expected  in  the  future. 
When  lift  on  pump  is  increased  the  size  of  plunger  can  be  altered  at  small 
cost  to  keep  the  correct  proportions  between  steam  and  water  end. 
This  naturally  decreases  the  capacity  of  the  pump  in  proportion  to  the  lift 

All  the  direct-acting  pumps  take  comparatively  little  room  and  are 
easy  to  move  from  level  to  level. 

The  compound  and  triple-expansion  fly-wheel  pumps  are  more  eco- 
nomical in  use  of  steam,  but  are  much  more  expensive  of  installation, 
require  more  room,  and  must  be  installed  on  good  foundations  that 
will  not  move  or  move  as  a  whole.  Their  use  can  generally  only  be 
justified  if  the  quantity  of  power  to  be  delivered  is  considerable,  steam 
expensive,  and  the  probable  life  of  the  mine  will  repay  the  diff  erence  in  cost . 

Whether. a  surface  condenser  or  a  jet  condenser  should  be  used  depends 

an  local  conditions.     The  surface  condenser  has  less  moving  machinery 

.  I;  and  uses  less  steam  than  the  jet  condenser,  but  is  liable  to  be  out  of 

j  service  a  longer  time  while  tubes  are  being  cleaned. 

!,  ^ '  The  question  of  proper  size  of  steam  line  between  boilers  and  pumps 

ie  one  which  usually  is  not  given  sufiicient  attention,  most  steam  lines 

V'  being  too  large  for  maximum  economy.    The  writer  has  found  inmost 

cases  that  it  is  advantageous  to  have  a  steam  pipe  which  gives  a  drop  of 

,  pressure  of  5  to  10  lb.  between  boilers  and  pumps,  as  the  reduced  con- 
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densation  pays  for  the  loss  of  pressure.  When  a  small  pipe  line  is  used 
the  usual  separator  at  the  pump  should  be  made  a  separator-receiver,  to 
steady  the  flow  through  the  pipe  line. 

All  steam  pumps  have  a  great  advantage  where  flow  is  variable,  as  the 
speed  and  delivery  of  pump  are  easily  adjustable  to  varying  conditions. 

The  electric  pumps  can  be  divided  in  two  broad  classes:  The  plunger 
and  centrifugal  pumps. 

The  plunger  pumps  are  of  many  designs;  the  writer  generally  prefers 
the  vertical  type  as  giving  more  even  wear  on  packing  and  plungers  and 
taking  less  floor  space,  although  they  require  more  head  room. 

For  high  lift  the  quintuplex  pump  having  a  practically  steady  flow* 
on  the  discharge  is  advantageous,* as  it  can  be  used  without  air  chamber. 

The  motors  are  generally  geared  to  the  pump  through  a  single  or 
double  reduction  of  gears.  If  straight  spur  gears  are  used  it  is  not 
advisable  to  have  a  single  reduction  of  more  than  8  to  1,  and  slow-speed 
motors  have  to  be  used.  If  herringbone  gears  are  used  single  reduc- 
tion of  larger  ratio  is  permissible,  allowing  a  motor  of  standard  speed  for 
pump  drive.  The  herringbone  gear  is  more  efficient  than  the  spur  gear, 
but  requires  much  closer  adjustment  of  pitch  line,  so  that  bearings  have 
to  be  made  adjustable  .to  maintain  proper  distance  between  pinion  and 
gear  shafts.  For  this  style  of  drive  the  proper  design  of  bearings  is  very 
important. 

A  flexible  coupling  between  pinion  and  motor  shaft  usually  pays  for 
itself  by  reduced  maintenance  of  motor,  although  on  pumps  using  50  hp. 
or  less,  a  motor  with  outboard  bearing,  and  either  a  fabric  or  raw-hide 
pinion  geared  directly  to  pump  without  coupling,  has  been  found  quite 
satisfactory. 

With  alternating-current  motors,  unless  special  motors  are  used,  it 
is  necessary  to  unload  the  pump  at  start  by  means  of  a  bypass  valve. 
Motors  with  high  starting  torque  can  be  obtained,  but  are  less  efficient 
than  standard  motors,  and  are  not  necessary  unless  the  pump  is  to  be 
used  with  an  automatic  starter. 

Direct-current  motors  will  start  the  pump  under  full  head,  with  a 
starting  rheostat  made  for  this  service. 

The  writer  has  had  little  experience  with  centrifugal  pumps.  As  a 
rule,  however,  they  have  the  advantages  of  great  simplicity,  and  ease  of 
connection  to  motor,  having  no  gearing;  they  are,  however,  less  efficient 
than  plunger  pumps  and  have  to  be  designed  for  exactly  known  condi- 
tions. They  are  sensitive  to  change  of  motor  speed  or  changes  of  head, 
in  a  high-lift  pump  of  moderate  capacity  the  passages  are  small,  the 
water  travels  at  high  speed,  and  if  at  all  gritty  the  wear  upsets  the 
proportions  of  the  pump  and  quickly  affects  the  efficiency. 

With  plunger  pumps  the  amount  of  water  delivered  can  only  be 
altered  by  varying  the  speed  of  the  motor,  starting  and  stopping  the  pump 
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aired  by  the  flow  of  water,  or  by  passing  a  portion  of  the  water  to 
mp  suction. 

e  first  method  is  easy  where  direct  current  is  available,  but  more 
icated  or  less  efficient  where  alternating-current  motors  are  used. 
e  second  method  can  be  used  with  both  systems  of  power,  but  ia 
n  the  power  plant  if  pumping  load  is  a  large  proportion  of  the  total. 
e  third  one  is  inefficient  in  the  use  of  power,  as  the  pump  is  working 
load  at  all  times.  . 

the  efficiency  of  electric  pumps  is  not  much  affected  by  their  size, 
flow  of  water  is  variable  it  is  advisable  to  have  more  imits  of  a 
r  capacity  so  that  the  number  of  units  running  can  be  adjusted 
timately  to  the  quantity  of  water  pumped  and  one  unit  started  and 
d  by  hand  or  automatically  to  take  care  of  the  variation  of  water 
a  the  sump. 

ictric  pumps  usually  require  less  attendance  than  steam  pumps  and 
!  the  quantity  of  heat  liberated  in  the  mine,  which  is  a  considerable 
tage  in  hot  mines. 

e  electrical  measurements  are  so  much  easier  to  make  than  the 
measurements  that  an  electric  pump  is  likely  to  be  kept  at  a 
efficiency.  With  an  electric  pump  it  is  easy  to  show  the  attendants 
il  effects  of  packing  the  glands  too  tight  and  the  lar^e  amount  of 
that  can  be  thus  consumed  without  heating  the  plungers, 
e  electric  plunger  pumps  can  be  operated  at  a  lower  lift  than  they 
ilt  for  with  very  little  loss  of  efficiency. 

lere  the  proper  submei^ence  can  be  obtained  an  air  lift  is  inex- 
e  to  install  and  will  handle  very  great  quantities  of  water  in  a  small 
and  although  the  cost  of  the  air  is  comparatively  great,  there  are 
sally  no  other  running  costs.  This  method  cannot  be  used  from 
west  level  of  a  mine,  without  a  lot  of  complications,  as  there  is 
10  way  to  get  the  proper  submergence. 

r  lifts  were  used  at  the  mine  of  the  Old  Dominion  Copper  Mining  & 
ng  Co.  at  Globe  in  a  recent  emergency  when  water  flow  increased 
I  upper  levels  of  the  mine  and  got  beyond  the  pumping  capacity  of 
mt.  A  10-in.  air  lift  raising  the  water  200ft.  (exclusive  of  friction), 
lir  at  90  to  95  lb.  pressure  at  the  power  plant,  required  the  following 
it  of  air  (measured  by  flow  meter)  at  a  barometric  pressure  of 
27  in.  of  mercury. 

QallOBs  Water      ,  Cubio  Feet  Free  Air  Culuo  Feet  Free  Air 

par  Minute  pel  Minute 

1,011  1,353 


1,794 

2,262 

1,025 

2,658 

1,966 

3,219 

er  lift  raising  the  water  431  ft.  exclusive  of  friction  gave  the  follow- 
lults; 
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OaUona  Water 

Cubio  Feet  Free  Air 

Cubic  Feet  Free  Air 

per  Minute 

per  Minute 

per  1.000  Oal. 

1,122 

3,051 

2,718 

1,233 
1,233 

3,306] 
3,484 

3,395 

1,291 
1,291 

3,832 
3,919. 

3,875 

3;SSh'«« 

1,325 

4,089 

3,086 

1933 


In  these  tests,  which  were  kept  up  from  1  to  2  hr.  each,  the  measure- 
ments of  air  were  taken  with  a  General  Electric  Co.  air-flow  recording 
meter  installed  carefully  and  checked  after  test  according  to  instructions 
furnished  by  the  makers;  the  results  are  probably  correct  within  5  per  cent. 

The  measurements  on  water  were  obtained  by  taking  the  reduction  of 
speed  of  the  pumps  when  air  lift  was  working  and  the  water  level  in  sump 
kept  constant  and  a  volumetric  efficiency  of  90  per  cent,  assumed  for  the 
pumps.    All  pumps  were  equipped  with  revolution  counters. 

The  average  speed  of  the  pumps  was  recorded  before  and  after  the  air 
test  to  insure  that  the  water  flow  had  not  changed  in  the  mine.  The  quan- 
tities of  water  are  very  nearly  correct. 

The  above  figures  are  not  given  as  absolute,  but  only  to  give  a  rough 
idea  of  what  can  be  done  with  an  air  lift.  In  both  cases  the  submergence 
was  about  190  ft. 

In  the  following  table  are  given  the  results  of  some  tests  on  various  sizes 
of  steam  and  electric  pumps.  These  tests  were  taken  under  running 
conditions  and  for  steam  pumps  the  water  fed  to  boilers  was  taken  as  used 
by  the  pumps,  aU  the  auxiliaries  of  the  boiler  plant  being  run  from  another 
source  of  supply. 

Tests  1, 2,  and  3  were  taken  by  condensing  the  exhaust  of  the  piunp  and 
weighing  the  condensate  and  estimating  the  volumetric  efficiency  of 
water  end  at  90  per  cent.,  as  the  delivered  water  was  not  measured. 

Tests  4  to  9  were  not  taken  by  the  writer. 

Tests  10  and  11  are  on  triple-expansion  four-cylinder  pumps  with  two 
low-pressure  cylinders.  On  these  tests  steam  was  superheated  35° 
when  leaving  boilers  and  the  pumps  were  tested  together. 

Tests  12,  13,  and  14  were  on  pumps  immediately  after  starting. 

Test  15  on  same  pump  as  No.  14  after  two  weeks'  run. 

Test  16  is  on  single-reduction  spur-gear  pump. 

Test  17  is  on  single-reduction  herringbone-gear  pump. 

Test  18  is  the  best  test  on  air  lift  for  200  ft. 

Test  19  is  the  next  to  the  best  test  on  same. 

Test  20  is  the  best  test  on  air  lift  for  431  ft. 

Test  21  is  the  next  to  the  best  test  on  air  lift  for  431  ft. 

On  Tests  18  to  21  the  steam  consumption  per  water  horsepower-hour 
is  based  on  air  compressors  requiring  38  lb.  of  steam  per  1,000  cu.  ft.  of 
free  air,  delivered  compressed  to  9  lb.  gauge  pressure. 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  bbvibign] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
San  Franciaao  meeting,  September,  1015,  when  an  abstraot  of  the  paper  will  be  read.  If  this  is  impos- 
sible, then  discussion  In  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  roecial  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1915.  Any 
discussion  offered  thereafter  should  pr^erably  be  in  the  form  of  a  new  paper. 


Conveyor-Belt  Calculating  Chart 

BT  J.  D.  MOONET  AND  D.  L.  DARNELL,'*  AKRON,  OHIO 
(San  Francisco  Meeting,  September,  1915) 

The  accompanying  chart  has  been  drawn  for  the  convenience  of 
engineers  as  a  means  of  quickly  determining  the  correct  number  of  plies 
of  conveyor  belts  operating  under  specific  conditions. 

The  calculations  are  based  on  the  average  safe  strength  (factor  of 
safety,  15)  of  the  various  standard  rubber  conveyor  belts. 

The  calculations  assume  maximum  loading  conditions;  that  is,  the 
belt  is  considered  as  carrying  the  greatest  load  that  it  will  handle  without 
spillage  at  ordinary  belt  speeds.  This  not  only  produces  the  most  eco- 
nomical operating  conditions,  but  also  the  maximum  tension  in  the  belt. 

The  chart  is  a  graphical  representation  of  the  formula: 

V  =  kgW{L  +  \QH) 
Where,         p  =  the  correct  number  of  plies 

A:  =  a  constant,  depending  on  the  type  of  drive 
g  =  the  weight  in  pounds  per  cubic  foot  of  material  handled 
W  =  the  width  of  the  belt  in  inches 
'  L  =  the  length  of  the  belt  in  feet  (approximately  twice  the 

center  distance). 
H  =  the  difference  in  elevation  between  the  head  and  tail 
pulleys,  in  feet. 

For  a  simple  drive,  with  a  bare  pulley,  k  =  ^r.  ^x^ 

•  1 

For  a  simple  drive,  with  a  rubber-lagged  pulley,      k  =  ^^  ^ 

For  a  tandem  drive,  with  bare  puUej'^s,  fc  =  ^--  ^^ 

For  a  tandem  drive,  with  rubber-lagged  pulleys,      fc  =  .--  ^^ 

The  chart  is  drawn  for  a  simple  drive,  with  a  bare  pulley  Ik  =  ^r^  qA^)  5 

therefore,  the  number  of  plies  obtained  from  the  chart  should  be  multi- 
plied by  the  factor  0.83  or  ^^  for  simple,  lagged  drive;  the  factor  0.67 
or  %  for  tandem,  bare;  and  the  factor  0.55  or  ^Ho;  for  tandem,  lagged. 
The  formula  p  =  kgW{L  +  lOH)  has  been  developed  mathematically 

•  B.  F.  Goodrich  Co. 


CONVEYOR-BELT   CALCULATING   CHART  1939 

from  the  following  formulas,  which  have  been  found  to  work  very  satis- 
factorily in  average  good  practice: 

5000 

"^  -  hoo  +    10  /  ^ 

ex  HP  XlOO 

^  ""  s 

_     T 
P  -  2417 
Where,       U  =  Capacity  in  tons  per  hour 
W  =  Width  of  belt  in  inches 
S  =  Belt  speed  in  feet  per  minute 
g  =  Weight  per  cubic  foot  of  material  handled 
HP  =  Horsepower  developed  in  driving  conveyor  belt 
I  —  Length  of  the  conveyor,  in  feet  (approximately  3^L) 
H  =  The  -difference  in  elevation  between  the  head  and  tail 

pulleys,  in  feet 
T  —  The  total  tension  in  the  belt,  in  pounds 
p  =  Correct  number  of  plies 
C  =  The  constant  of  the  drive. 
For  a  simple  drive,  bare  pulley,  C  =  600 

For  a  simple  drive,  rubber-lagged  pulley,         C  =  500 
For  a  tandem  drive,  bare  pulleys,  C  =  400 

For  a  tandem  drive,  rubber-lagged  pulleys,     C  =  330 

The  length  factor,  /  =  (L  +  lOH),  represented  on  the  chart  by  the 
lines  500,  600,  700,  etc.,  is  a  developed  factor  equal  to  the  sum  of 
the  length  of  the  belt  and  ten  times  the  difference  in  elevation  between 
the  head  and  tail  pulleys. 

To  find  the  correct  number  of  plies  for  a  conveyor  belt,  knowing  the 
width,  the  length,  the  difference  in  elevation  between  the  head  and  tail 
ends,  and  the  kind  of  material  to  be  handled : 

Start  from  the  width  given  at  the  top  of  the  chart  and  move  down  until 
this  line  intersects  the  line  corresponding  to  the  proper  length  factor; 
then  move  either  right  or  left  until  the  line  corresponding  to  the  given 
material  is  met;  then  move  down  again  to  the  scale  of  plies,  where  the 
next  largest  figure  will  give  the  correct  number  of  plies. 

For  example:  To  find  the  correct  number  of  plies  for  a  conveyor  belt 
36  in.  wide  and  300  ft.  long,  with  20  ft.  difference  in  elevation;  handling 
sand  and  gravel: 

Follow  the  line  from  the  36-in.  width  downward  until  it  intersects  the 
500  length  factor  line;  then  follow  to  the  right  antil  the  sand  and  gravel 
line  is  intersected;  then  down  to  the  ply  scale,  where  the  ply  will  be  found 
to  be  7. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
San  Francisco  meeting,  September*  1915,  when  an  abstract  of  the  paper  wiu  be  read,  if  this  is  im- 
possible, then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers, 
29  West  39th  Street,  New  York,  N.  Y.f  for  presentation  by  the  Secretary  or  other  representative  of 
its  author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1,  1915. 
Any  disoussion  oSfered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Ventilation  of  the  Copper  Queen  Mine 

BT  CHARLES  A.  MITKE,  *  BISBEE,  ARIZ. 
(San  Frandsoo  Meeting,  September,  1915) 

Introduction 

The  Copper  Queen  mine  is  composed  of  seven  divisions  which  are 
operated  through  the  following  shafts: 


Division 
No. 

Shaft 

Depth, 
Feet          1 

1 

Air  Current 

1 

Uncle  Sam 
Southwest 

600 
600 

.Downcast  (shut  down  April,   1914,  to 

curtail  production) 
Downcast 

2 

Czar 

400 

Downcast 

3 

Holbrook 

600 

Downcast 

4 
5 

Spray 
Gardner 

800 
1,000 

Downcast  (shut  down  April,  1914,  to 

curtail  production) 
Downcast 

6 

7 

DaUas 

1,400 

Downcast 

1  Lowell 
Sacramento 

1,600 
1,700 

,  Upcast 
Downcast 

The  workings  of  the  different  shafts  are  connected  by  motor-haulage 
drifts  on  the  even  numbered  levels.  The  general  location  of  the  ore- 
bodies  and  workiugs  is  illustrated  by  the  vertical  projection  of  orebodies 
of  the  district  as  shown  in  Fig.  1. 

The  Uncle  Sam,  Southwest,  and  Czar  workings  have  many  con- 
nections to  the  surface  through  raises  and  extensive  cracks  that  were 
caused  by  moving  ground.  These  divisions  are  cool  and  are  ventilated 
entirely  by  natural  means. 

The  Holbrook  is  ventilated  partly  by  natural  and  partly  by  artificial 
ventilation,  while  the  Spray,  Gardner,  Lowell,  and  Sacramento  are 
ventilated  entirely  by  mechanical  means. 

In  some  of  the  divisions  mentioned  above  a  considerable  quantity  of 
air  exhausts  through  shafts  of  adjoining  properties. 


Mining  Engineer,  Copper  Queen  Consolidated  Mining  Co. 
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Conditions  Under  Natural 
Ventilation 

Several  Mine  Fires  Occurred 

During  the  last  few  years  several 
mine  fires  menaced  both  life  and 
property.  The  most  serious  mine 
fire  was  that  of  the  Lowell,  which 
occurred  during  1911.  The  district 
where  the  fire  originated  was  be- 
tween the  1,000  and  1,200  ft.  levels. 
The  orebody  contained  a  high  per- 
centage of  sulphur,  and  the  gob  a 
large  amount  of  pyrite;  as  stoping 
progressed  the  friction  between  the 
blocks  of  sulphides  increased,  due 
to  moving  ground.  Oxidation  of 
pyrite  and  timber  was  also  an  im- 
portant factor.  The  temperature 
increased  until  the  timbers  took 
fire,  which  in  turn  started  fire  in 
the  sulphide  ore.  The  gases  result- 
ing from  this  fire,  such  as  SOj,  and 
distillation  products  of  wood,  came 
through  the  upcast  shaft  and 
caused  considerable  damage,  thus 
putting  the  shaft  out  of  commis- 
sion. By  reason  of  broken  ground, 
the  fire  could  not  be  sealed  off  at 
that  time,  which  made  necessary 
the  repair  of  800  ft.  of  the  shaft 
by  men  using  oxygen  helmets. 

Several  fires  also  occurred  at 
different  times  in  some  of  the  other 
divisions.  They  were  particularly 
dangerous  under  conditions  of 
natural  ventilation  as  gases  and 
smoke  usually  entered  the  work- 
ings. One  of  the  reasons,  there- 
fore, in  planning  a  system  of 
mechanical  ventilation  was  to  pro- 
vide a  better  means  of  control  im- 
mediately after  a  fire  started. 
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General  Working  Conditions  Investigated 

During  1912,  the  company  decided  to  make  an  investigation  of  the 
general  working  conditions  of  the  Gardner  division.  By  reason  of  the 
scarcity  of  connections  with  other  mines  this  division  contained  the 
poorest  working  conditions  and  presented  the  greatest  problem  for  venti- 
lation. Readings  were  taken  on  natural  air  currents  as  to  their  velocity, 
volume,  direction,  temperature,  relative  humidity,  CO2  content,  etc. 
This  indicated  that  even  though  the  entire  mine  seemed  to  be  hot  the 
average  temperature  was  not  high,  varying  from  75  to  100°  F.  The 
relative  humidity,  however,  was  exceptionally  high  everywhere  in  the 
mine,  ranging  from  90  to  100  per  cent. 

The  CO2  was  under  1  per  cent,  in  the  general  run  of  working  places 
and  from  1  to  3.5  per  cent,  in  exceptionally  remote  workings.  The 
velocity  and  volume  of  the  air  currents  were  very  low.  Moisture  was 
deposited  on  timbers  and  the  sides  of  drifts,  making  the  mine  damp;  a 
species  of  fungi  covered  a  large  percentage  of  the  timbers.  About 
225  men  worked  in  this  division  on  each  shift,  and  from  the  standpoint  of 
efficiency  the  quantity  of  fresh  air  per  man  per  minute  was  not  all  that 
was  desired.  Men  in  hot  stopes  had  to  be  changed  every  two  or  three 
days  on  account  of  the  heat,  and  in  this  way  by  the  time  a  man  was 
familiar  with  the  workings  of  his  stope  he  was  put  into  another  place. 
Consequently,  all  the  men  who  had  fairly  good  working  conditions  had 
to  share  the  ordeal  from  time  to  time,  by  working  in  these  undesirable 
places. 

It  was  the  custom  when  conditions  became  particularly  bad  to  drive 
new  air  connections.  In  a  few  instances  they  proved  beneficial,  but  in 
the  large  majority  of  cases  the  quantity  of  air  which  passed  one  way  or 
the  other  was  so  small  that  the  effect  was  negligible. 

The  Relative  Merits  of  Pressure  and  Exhaust  Systems 

Considered 

At  first,  plans  were  formulated  and  data  obtained,  as  described  under 
Planning  the  System  of  Mechanical  Ventilation,' lor  both  the  pressure  and 
exhaust  systems.  After  the  merits  of  each  were  carefully  considered,  the 
pressure  system  of  ventilation  was  adopted.  According  to  this  system,  all 
mine  fans  were  placed  underground  on  the  deepest  working  levels  of  the 
dififerent  divisions  so  as  to  draw  the  air  down  the  intake  shafts,  force  it 
through  the  workings  and  stopes,  and  exhaust  it  to  the  surface  through 
upcast  shafts. 

Four  Reasons  for  Adopting  Pressure  System 

The  reasons  for  adopting  the  pressure  system  instead  of  the  exhaust 
are  as  follows: 
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1.  More  Practical. — Since  all  the  deep  shafts  of  the  Copper  Queen  are 
in  operation  and  a  large  amount  of  work  is  done  around  each,  as  for 
example,  men  going  on  and  coming  off  shift,  handling  timber,  tools,  and 
supplies,  etc.,  it  would  not  be  practical  to  have  an  exhaust  fan  on  the 
surface  near  the  collar  of  the  shaft. 

In  the  Gardner,  a  subway  below  the  collar  of  the  shaft  would  be  out  of 
the  question.  Consequently,  a  large  air-tight  chamber,  inclosing  nearly 
the  entire  head  frame,  would  have  to  be  built  if  a  suction  fan  were  used. 
This  arrangement  would  be  expensive  and  unsatisfactory. 

2.  Better  Control  of  Mine  Fires, — The  pressure  system  is  the  more 
advantageous  in  case  of  mine  fires.  With  this  arrangement,  the  entire 
workings  are  under  pressure  and  the  gas  or  smoke  from  a  mine  fire  may 
be  coursed  to  exit  through  neighboring  shafts  that  are  not  in  operation. 
Since  the  air  is  under  considerable  pressure  at  the  bottom  and  sides  of  the 
present  fire  districts  and  each  of  the  outlets  over  them  is  provided  with 
regulator  doors,  the  quantity  of  air  passing  through  the  fire  zone  can  be 
increased  or  diminished  at  will  and  the  fire  consequently  can  be  brought 
under  control  more  readily  than  with  the  exhaust  system. 

3.  Greater  Efficiency. — Since  the  Spray,  Gardner,  Dallas,  and  Sacra- 
mento shafts  are  natural  downcasts,  the  mine  fans  were  placed  under- 
ground so  as  to  take  advantage  of  these  circumstances  and  multiply  the 
volume  of  the  natural  downcast  from  five  to  ten  times.  The  pressure 
system,  therefore,  has  the  advantage  of  the  additional  natural  ventila- 
tion, which  evidently  would  be  lost  with  the  other  system;  and  more 
power  would  be  required  for  the  same  quantity  of  air  if  the  natural  down- 
casts were  changed  to  upcasts  by  suction  fans. 

4.  Greater  Safety. — Experience  in  the  Lowell  mine  fire  showed  that  in 
the  event  of  the  connections  being  closed  between  the  fire  and  the  suction 
fan,  there  is  a  possibility  of  smoke  and  gases  entering  the  workings  below 
and  endangering  the  men.  In  the  adopted  system,  the  maximum  air 
pressure  is  below  the  fire  district,  which  makes  it  impossible  for  gases  to 
go  down,  even  if  bulkheads  of  a  sealed  fire  district  should  be  opened 
suddenly  by  caving  ground. 

At  present  a  churn-drill  hole  is  being  put  down  to  a  depth  of  1,100  ft. 
over  the  old  Lowell  fire  stopes.  When  this  is  completed  water  will  be 
run  in  to  cool  the  district.  No  trouble  is  anticipated  since  this  was 
thoroughly  tried  at  the  Holbrook,  where  a  large  amount  of  water  was 
turned  into  churn-drill  holes  and  no  smoke  or  gases  were  taken  down 
against  the  pressure  of  the  mine  fan. 

Equipment  and  General  Arrangement  for  Mechanical 

Ventilation 

The  following  pages  give  an  outline  of  the  general  mechanical  venti- 
lating system  which  was  adopted  at  the  Copper  Queen  mine. 
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Combined  Natural  and  Mechanical  System  in    HoJbrook  and  Gardner 

Divisions 

Because  of  the  many  openings  to  the  surface,  the  natural  ventilation  is 
satisfactory  from  the  surface  to  the  400-ft.  level  in  the  Holbrook  division. 
Below  this  level  mechanical  ventilation  is  used,  as  indicated  in  Fig.  2. 
There  is  a  20-in.  blower  on  the  600-ft.  level,  which  delivers  8,000  cu.  ft. 
of  air  per  minute.    Since  very  little  stoping  is  done  between  the  400-  and 
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Fio.  2. — Natural  and  Mechanical  Ventilation  op  Holbrook  Division. 

600-ft.  levels,  the  blower  is  operated  principally  to  keep  a  pressure  around 
the  old  fire  district  to  prevent  any  gases  which  may  escape  from  entering 
the  workings. 

The  outlines  of  the  natural  and  mechanical  ventilating  system  of  the 
Gardner  division  are  shown  in  Figs.  3  and  4.  The  arrows  indicate  the 
direction  of  some  air  courses  and  DD  represents  a  few  double  doors. 
On  the  900-ft.  level,  there  is  a  Sturtevant  mine  fan  delivering  72,000  cu. 
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•  Fig.  5,«^Arww»  Indicate  Direction  op  Some  Important  Air  Currents. 
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ft.  of  air  per  minute  against  1%  in.  of  water  pressure.  About  32  h.p.  is 
being  used.  The  combined  level  map  (Fig.  5)  illustrates  the  new  con- 
nections which  had  to  be  driven,  also  the  various  directions  of  air  courses 
when  superimposed  on  one  plane.  There  are  22  hand  doors  and  two  large 
doors  on  motor  tracks,  called  automatic  doors. 

The  mine  fan  draws  the  air  down  the  Gardner  and  Spray  shafts  and 
forces  the  total  quantity  into  the  workings  on  the  900  level.  Part  of 
this  air  goes  down  to  the  1,000  ft.  and  later  comes  up  to  the  900  ft.,  from 
whence  all  the  air  passes  through  stopesto  the  800-,  700- and  600-ft.,  levels, 
and  exhausts  through  abandoned  workings  and  upcast  shafts.  On  the 
1,000-ft.  level  the  pressure  is  built  up  by  the  use  of  automatic  doors. 
These  doors  not  only  hold  the  pressure,  but  also  allow  the  air  to  circulate 
freely  on  the  1,000-ft.  level.     The  usual  speed  of  motor  trains  passing 


Fig.  6. — Plan  Showing  Automatic  Door  Abbanqement. 


through  these  doors  is  about  7  miles  an  hour.  The  doors  are  350  ft. 
apart.  The  arrangement  for  automatically  opening  the  door  is  shown 
in  Fig.  6. 

Operation  of  the  Automatic  Door. — When  the  motor  comes  in  the 
direction  of  C  to  D,  the  motorman  reaches  out  and  moves  the  lever  C 
in  the  direction  the  motor  is  going.  This  opens  the  3-way  valve  B,  ad- 
mits compressed  air  itito  the  cylinder  A  and  opens  the  door.  When  the 
train  has  passed  through  the  dobr  the  motorman  throws  the  lever  Z>, 
which  releases  the  compressed  air  and  the  door  closes,  assisted  by  the 
weights  E  and  F,  The  valve  G  controls  the  speed  of  6pening  and  closing 
of  the  door.  The  wires  between  C  and  D  are  crossed  so  that  the  levers 
are  always  moved  in  the  direction  the  motor  is  going  in  opening  and  clos- 
ing the  door.  The  distance  between  lever  C  and  the  door  is  70  ft.,  which 
allows  ample  time  for  the  door  to  open  when  the  motor  is  coming  at  an 
ordinary  rate.  The  distance  between  D  and  the  door  is  175  ft.  This 
makes  it  possible  for  a  trip  of  cars  to  be  in  front  of  the  motor  on  the  tfe- 
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turn  and  at  the  same  time  allow  the  door  to  be  opened.  The  cost  of 
upkeep  is  small  and  the  entire  equipment  only  requires  the  amount  of 
attention  usually  given  to  any  machine. 

The  automatic  doors  are  used  on  motor  tracks  only,  while  small  hand 
doors  are  used  in  all  ordinary  drifts.  The  standard  hand  door  is  6  ft. 
6  in.  high,  3  ft.  9  in.  wide  and  2^  in.  thick,  made  up  of  1-in.  boards  with 
paper  between  the  two  thicknesses.  The  posts  of  the  door  frame  are 
6  by  10  in.  by  6  ft.  6  in.  and  the  cap  6  by  10  in.  by  4  ft.  3  in.     The  motor 


Fig.  7. — Chart  of  Temperatttre  and  Relative  Humidity  op  Intake  and  Ex- 
haust Air  Before  and  After  New  Ventilation  System  was  in  Operation. 


tracks  are  mounted  on  a  timber  sill  set  in  concrete.  The  space  between 
the  bottom  of  the  door  and  the  sill  is  filled  with  concrete,  except  for  clear- 
ance spaces  for  the  flanges  of  the  car  wheels.  The  spaces  between  the 
door  frame  and  the  walls  and  roof  are  likewise  filled  with  concrete.  The 
automatic  door  is  6  ft.  11  in.  high  by  4  ft.  4  in.  wide  made  of  1  by  12  in. 
boards  faced  on  both  sides  with  %  by  2  in.  flooring. 

Air  Jets  Used  in  Hot  Workings, — Formerly  small  electric  blowers  were 
used  to  ventilate  hot  raises  and  stopes.  These  poorly  ventilated  places 
were  usually  some  distance  from  the  shaft,  which  required  a  considerable 
investment  and  long  electric  cables.  Instead  of  using  these  blowers  an 
air  jet  was  designed  and  tried  for  workings  of  this  type.     The  jet  had 
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eight  Ke-iJ^-  holes  and  was  placed  in  the  center  of  a  14-in.  funnel  which 
was  connected  to  a  10-in.  pipe.  About  800  cu.  ft.  per  minute  was  de- 
livered at  the  end  of  50  ft.  of  pipe  of  this  kind.  The  cost  of  compressed 
air  is  comparatively  small  and  is  less  than  one-third  the  cost  of  electrical 
power,  when  used  in  these  particular  instances.  Of  course  the  jet  is 
only  used  until  the  connection  is  made.  After  connections  are  made 
considerable  quantities  of  air  pass  through  these  drifts  and  raises  from  the 
large  blower,  and  the  ventilation  is  generally  satisfactory. 

New  System  Lowered  Temperature  and  Relative  Humidity 

The  chart,  Fig.  7,  illustrates  the  decrease  in  temperature  and  relative 
humidity  of  the  intake  and  return  air  before  and  after  the  blowers  were 
started.  On  account  of  the  large  amount  of  moisture  in  the  ground  and 
also  the  wet  conditions  of  moist  drifts  and  workings,  it  took  about  four 
months  to  dry  the  timbers  and  working  places  after  the  new  ventilating 
system  was  in  operation. 

Velocity  and  Volume  of  Air  Increased 

The  blowers  were  started  June  1,  1913,  resulting  in  an  increase  in  ve- 
locity of  the  intake  air  from  65  ft.  per  minute  on  June  1,  to  1,000  on  June 
30  and  1,160  on  July  31.  The  volume  also  increased  from  10,000  cu.  ft. 
per  minute  on  June  1,  to  over  60,000  on  June  30  and  70,000  on  July  31. 
The  reduction  in  the  temperature  and  humidity  was  not  so  marked  as 
the  increase  in  velocity  and  volume.  The  division  in  general,  however, 
seems  much  cooler  and  the  environment  is  comfortable. 

Lowell  and  Sacramento  Divisions  Ventilated  Jointly 

The  natural  and  mechanical  ventilation  systems  of  these  divisions  are 
outlined  in  Figs.  8  and  9.  There  is  a  Sirocco  blower  (capacity  35,000 
cu.  ft.)  on  the  1,400-ft.  level  of  the  Dallas  shaft,  forcing  the  air  towards 
the  Lowell  against  a  1%-in.  water  pressure  and  another  blower  on  the 
1,600-ft.  Sacramento  (capacity  45,000  cu.  ft.)  operating  against  a  IJ^^-in. 
water  gauge.  The  reason  for  the  higher  pressure  in  the  Sacramento  is  to 
have  the  air  from  that  level  join  the  Dallas  air  on  the  1,400-ft.  level  and 
from  there  rise  through  the  workings  to  the  900-ft.  level  of  the  Lowell, 
and  exhaust  through  the  two  shafts  as  indicated  in  Fig.  9. 

Part  of  Fire  District  being  Cooled. — An  example  of  the  effect  of  large 
volumes  of  air  passing  through  a  district,  part  of  which  is  on  fire,  may  be 
obtained  from  the  13-10-10  stope.  Here  the  temperature  has  been  re- 
duced from  87  to  83°  F.  To  accomplish  this  result,  15,000  cu.  ft.  of  air 
per  minute  was  driven  through  this  stope  from  Sept.  1,  1914,  to  Feb. 
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1,  1915,  a  period  of  five  months.  Before  this  blower  was  started  the 
humidity  was  about  98  per  cent,  and  the  velocity  of  the  air  was  scarcely 
noticeable.  After  the  15,000  cu.  ft.  of  air  per  minute  was  driven  through 
the  stope,  even  though  the  temperature  showed  a  very  little  difference, 
the  humidity  dropped  to  about  80  per  cent,  and  the  velocity  increased  to 
about  400  ft.  per  minute.  As  a  result  the  stope  seems  cool  and  the  men 
can  do  efficient  mining.  This  small  reduction  in  temperature  also  shows 
that  it  requires  a  large  quantity  of  air  circulating  a  long  time  in  a  fire 
district  to  cool  the  country  rock. 
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Fig.  8. — Outline  of  Natural  Vektilation  System  op  Lowell  and  Sacramento 

Mines. 

The  velocity  and  volume  of  air  have  been  increased  through  all  the 
slopes  and  workings  and  although  the  temperature  throughout  the  entire 
mine  has  not  been  lowered  much,  nevertheless  the  workings  seem  much 
cooler  on  account  of  the  increased  velocity  and  volume  and  decrease  in 
humidity. 

Data  Collected  before  Mechanical  Ventilation  System 

Planned 

In  order  to  plan  the  general  system  of  mechanical  ventilation  of  the 
Copper  Queen,  as  ootlined  above,  the  following  methods  of  obtaining 
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data  for  a  working  basis  were  pursued.     It  may  also  be  stated  here  that 
these  methods  would  be  the  same  for  either  pressure  or  exhaust  systems. 

Instruments  for  Determinations. — The  following  instruments  were 
used  in  determining  the  temperature,  relative  humidity,  velocity  and 
volume  of  mine  air:  The  anemometer,  water  gauge,  hygrometer,  and 
barometer. 

Recording  of  Data. — Data  were  readily  obtained  in  the  form  of  daily 
reports. 

Barometric  readings,  when  taken  occasionally  in  important  places, 
were  satisfactory  for  all  practical  purposes,  while  readings  with  the 
anemometer  and  hygrometer  were  made  daily  for  several  months. 

The  following  is  an  example  of  the  daily  report  blank  used  at  the 
Copper  Queen: 

Ventilation  Report 

Shaft     —    Level-  Dry  Bulb Wet  Bulb  —     -    Humidity Bar Date 
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Two  Standards  of  Measurement 

There  are  two  standards  by  which  the  degree  of  ventilation  in  a  mine 
may  be  measured:  (a)  a  quantity  standard — ^that  is,  the  quantity  of 
pure  air  entering  the  mine  per  man,  per  minute;  or,  (b)  the  quality 
standard — this  being  determined  by  the  amount  of  impurity  present. 
These  standards  are  entirely  different  and  each  one  has  its  particular 
application. 

The  quantity  standard  is  less  expensive,  more  practicable,  and  is  the 
method  most  generally  used  in  both  coal  and  metal  ifiines.    The  quantity 
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standard  was  used  in  all  drifts,  raises,  and  places  where  there  are  air 
currents  that  can  be  detected  and  measured  with  the  anemometer.  This 
method  is  also  the  more  important  because  the  increase  of  velocity 
of  air  materially  affects  the  efficiency  of  the  men. 

The  quality  standard  is  very  expensive  and  its  application  is  only 
necessary  in  exceptional  cases.  It  has  only  a  remote  bearing  on  the 
efficiency  of  the  men,  but  occasionally  it  is  found  advisable  to  have 
accurate  determinations  made  on  several  samples  of  mine  air. 
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Fia.    9. — Outline   of  Mechanical  Ventilation  System  of  Lowell  and  Sac- 

BAMENTO  Mines. 


Averages  Plotted  on  the  Mine  Map 

The  data  secured  as  explained  in  the  paragraph  on  "Recording  of 
Data''  were  averaged  every  week.  Blueprints  of  the  different  levels  of 
the  mine  were  made  and  the  monthly  averages  written  on  them  in  their 
proper  places.  The  direction  of  air  currents  was  also  indicated  by 
arrows,  especially  where  readings  were  made  with  the  anemometer. 

AviouTit  of  Air  Necessary  for  Each  District  Calculated 

In  order  to  calculate  the  amount  of  air  necessary  for  each  district,  it 
was  necessary  to  take  into  account  the  following: 
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1.  Number  of  men  and  animals  in  each  district. 

2.  The  production  of  CO2,  or  other  gases,  as  shown  by  the  chemical 
analyses. 

3.  Relative  humidity.  * 

4.  Temperature. 

5.  Amount  of  explosives  used.  1 

6.  The  distance  from  currents  of  good  air. 

7.  The  number  of  lights. 

8.  Air  leakage. 

9.  Friction  of  the  air  currents. 

10.  Number  of  splits  of  the  air  current. 

11.  Method  of  distribution. 

Natural  Ventilation  Utilized  Where  Possible 

In  order  to  get  the  most  economical  system,  it  was  necessary  to 
utilize  all  possible  natural  ventilation  and  secure  the  proper  distribution 
of  the  air.  The  latter  is  extremely  important  because  the  efficiency  of 
the  ventilating  system  depends  largely  on  the  proper  distribution  of  the 
air  currents.  The  arrangement  of  air  currents  by  mechanical  means  wa.s 
designed  to  coincide  with  that  of  natural  ventilation  in  nearly  all  cases. 

Natural   Ventilation  Supplemented  by  Mechanical  Means 

In  the  divisions  where  natural  ventilation  was  not  suflScient,  the 
natural  air  currents  were  strengthened  by  mechanical,  or  artificial  means, 
by  installing  large  mine  fans. 

A  Good  Working  Atmosphere  Dependent  on  Several  Factors 

There  is  a  diversity  of  opinion  among  authorities  on  what  constitutes 
''a  good  working  atmosphere,''  and  to  what  extent  it  will  be  economical 
to  ventilate  a  mine,  considering  the  cost  of  installation,  maintenance,  and 
power.  The  quantity  of  air  necessary  for  the  ventilation  of  one  mine 
would  be  inadequate  for  the  ventilation  of  another.  The  same  can  be 
said  regarding  the  quantity  of  air  per  man  per  minute,  consequently 
every  mine  is  an  individual  problem,  and  while  generalities  are  made,  to 
get  the  greatest  efiiciency  of  a  ventilating  system,  a  detailed  study  of  the 
mine  must  first  be  made,  and  the  new  ventilating  system  adapted  to  meet 
the  particular  needs  of  each  mine. 

In  a  number  of  States  the  quantity  of  air  in  coal  mines  required  by 
law  is  usually  specified,  as,  for  example:  The  Anthracite  Mine  Law  of 
Pennsylvania  specifies  a  minimum  quantity  of  200  cu.  ft.  per  man,  per 
minute.  One  of  the  modifying  clauses  of  the  above  law  stipulates  that 
the  amount  of  air  in  circulation  should  be  sufficient  *'to  dilute,  render 
harmless,  and  sweep  away,  smoke  and  noxious  or  dangerous  gases.** 
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Even  in  coal  mines,  therefore,  where  the  problems  of  ventilation  have 
not  the  intricacies  found  in  metal  mines,  there  is  no  fixed  standard  upon 
which  to  base  figures  for  "a  good  working  atmosphere"  or  an  efficient 
ventilating  system. 

Experience  in  ventilation  of  the  Copper  Queen  mine  has  shown  thus 
far  that  in  poorly  ventilated  areas,  comfort,  efficiency,  and  economy  are 
obtained  by  increasing  the  natural  ventilation  with  mechanical  means 
until  the  following  conditions  are  obtained:  Temperature,  77°  F.; 
relative  humidity,  under  85  per  cent.;  velocity  of  air  in  working  places 
at  least  100  ft.  per  min. ;  volume  of  air  in  working  places  at  least  250  cu.  ft. 
per  man,  per  minute.  This  may  be  termed  a  good  working  atmosphere 
and  is  the  present  standard  for  this  camp. 

In  general,  if  the  above  velocity  and  volume  are  maintained  in  an}' 
working  place  it  wUl  not  be  necessary  to  make  chemical  analyses,  because 
the  percentages  of  CO2,  CO,  NOa,  and  SO2  gases,  etc.,  as  well  as  the  tem- 
perature and  humidity  will  be  low  and  require  no  attention,  except  in  a 
few  instances. 

Increased  Velocity  of  Air  Improves  Working  Conditions 

Formerly  there  were  several  examples  of  stopes  in  the  Copper  Queen 
mine  which  were  similar  to  the  following: 

In  No.  S-13-5  stope  of  the  Gardner  division,  the  readings  in  working 
places  for  May  28,  1913,  were 

Velocity 10  ft.  per  minute  (approx.) 

Volume 10  cu.  ft.  per  min.  (approx.) 

Temperature 84**  F. 

Humidity 96  per  cent. 

A  small  5-h.p.  blower  was  forcing  air  into  the  stope.  The  miners  were 
uncomfortable  in  this  stope  and  complained  about  the  excessive  heat. 

On  Oct.  1,  1913,  after  the  new  ventilating  system  was  installed,  the 
following  readings  were  made  in  the  same  stope: 

Velocity 100  ft.  per  minute 

Volume 500  cu.  ft.  per  min. 

Temperature 84**  F. 

Humidity 90  per  cent. 

The  same  miners  mentioned  above  happened  to  be  working  in  this  stope 
on  Oct.  1,  1913, and  they  remarked  ''the  stope  is  not  near  as  hot  as  it  used 
to  be  and  we  can  work  much  better."  The  men  did  not  sweat  excessively 
in  this  atmosphere,  and  the  greater  comfort  experienced  by  them  was 
due  to  the  increase  in  velocity ,  which  also  means  an  increase  in  volume, 
with  lower  humidity,  and  not  to  the  temperature,  as  it  was  the  same  in 
both  cases. 
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When  miners  work  in  hot  mines,  drifts,  and  stopes,  they  generaUy 
neglect  their  personal  safety.  It  was  a  frequent  occurrence  for  the  shift 
boss  to  enter  a  working  place  and  after  asking  miners  to  bar  down  the  back 
to  discover  that  they  had  been  working  under  loose  boulders  for  several 
hours.  It  is  evident,  therefore,  and  proved  by  the  rate  of  accidents,  that 
men  are  on  the  alert  and  look  out  for  personal  safety  far  more  in  a  com- 
fortable atmosphere  than  in  hot,  damp,  and  disagreeable  places. 

In  regard  to  efficiency,  the  tonnage  per  man  shift  has  increased  with 
the  increase  in  the  velocity  and  volume  of  air  resulting  from  the  installa* 
tion  of  large  mine  fans.  The  greater  efficiency  of  the  men  may  be  partly 
assigned  to  better  oi^anization  and  cooperation  and  partly  to  the  psycho- 
logical effect  resulting  from  good  ventilation.  For  instance,  in  the  lan- 
guage of  the  average  miner,  he  "tries  to  make  a  showing  every  day."  In 
a  comfortable  at^nosphere,  he  will  take  an  interest  in  his  work,  ai\d  go 
about  it  in  a  more  contented  spirit  than  he  could  possibly  do  under  hot, 
unfavorable,  unhealthy,  and  depressing  conditions. 

A  special  effort,  therefore,  is  constantly  being  made  at  the  Copper 
Queen  to  increase  the  velocity  of  the  air  in  all  the  raises,  drifts,  and 
stopes,  and  keep  the  ventilating  system  up-to-date  with  the  newly  de- 
veloped workings. 

Changes  after  Mechanical  Ventilating  System  was 

Completed 

Development  Work  and  VentilcUion  System  Planned  Together 

In  general,  the  mine  department  makes  an  effort  to  plan  develop- 
ment work  in  line  with  the  ventilating  system,  as  well  as  for  prospecting 
purposes.  The  drifts  are  usually  driven  about  5  by  8  ft.  and  raises  are 
run  two  compartments  each,  50  in.  in  the  clear.  Recently  standard 
raises  have  been  adopted  throughout  the  mine,  and  the  timber  com- 
partments as  well  as  man  ways  have  also  been  standardized.  Rails  are 
put  over  timber  compartments  to  allow  free  passage  of  air  (see  Fig.  10) 
and  manways  have  been  made  larger  to  permit  more  air  to  pass  through 
them  and  at  the  same  time  to  make  it  easier  for  the  men  to  go  up  and 
down.  Also  when  an  orebody  is  found  it  is  properly  developed  and 
prospected  before  stoping  is  commenced.  In  this  way  ventilation  is 
really  first  established,  while  the  orebody  is  being  brought  into  a  condi- 
tion for  stoping  operations.  This  is  a  great  help  in  the  ventilation  of 
stopes. 

Square-Set  and  Shrinkage  Stopes  Ventilated  Easiest 

Recently  other  methods  of  stoping  have  been  giving  good  results 
besides  the  original  square  set.  Shrinkage,  cut-and-fill,  and  top-slice 
stopes  have  progressed  far  enough  to  show  that  each  method  has  its 
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particular  application  to  certain  kinds  of  ground.  In  ventilating  stopes 
under  these  systems,  probably  the  most  easily  ventilated  are  the  square- 
set  and  shrinkage  stopes.  Next  to  these  are  the  cut-and-fill,  and  the  most 
difScult  the  top-slice  stopes.  However,  in  all  cases  at  present  where  the 
top  slice  is  being  used,  separate  drifts  and  raises  were  driven  to  facilitate 
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Fig.  10. — Method  op  Covering  Timber  Compartments. 

the  handling  of  timber  and  tools  and  at  the  same  time  to  give  connec- 
tions for  ventilating  purposes.  Consequently,  the  top-slice  stopes  have 
about  the  same  temperature  and  humidity  as  found  in  the  square-set 
sections. 

Advantages  of  New  Ventilating  System 

1.  A  smaller  quantity  of  compressed  air  is  used  for  ventilation. 

2.  All  possible  natural  ventilation  is  utilized  and  the  general  direc- 
tion of  air  currents  is  the  same  for  both  natural  and  mechanical  ventilation. 

3.  There  is  a  decrease  in  temperature  and  a  lower  percentage  of 
humidity  and  CO2  throughout  the  mine,  which  means  healthier  working 
conditions. 

4.  A  saving  of  eight  5-h.p.  blowers  was  made,  as  these  have  been 
removed  from  the  mine. 

5.  The  five  lower  divisions  are  under  pressure,  which  partly  acts  as 
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a  check  in  preventing  some  mine  fires  from  crossing  the  Copper  Queen 
side  lines,  as  for  example,  the  proximity  of  one  mine  fire  near  the  Gardner 
workings. 

6.  Less  decay  of  mine  timbers. 

7.  The  volume  of  air  has  been  increased  from  60  cu.  ft.  of  air  per 
man  per  minute,  to  about  300  cu.  ft. 

8.  Formerly  a  large  amount  of  moisture  kept  the  timbers  and  working 
places  in  a  damp  condition  and  a  species  of  fungi  also  covered  most  of 
the  timbers.  Since  the  mine  fans  were  started,  a  large  amount  of  water 
is  removed  daily  from  each  division  by  the  air  currents  so  that  the  mine  is 
comparatively  dry  and  the  fungi  have  disappeared. 

9.  The  increase  in  velocity  and  volume  of  air  resulted  in  the  greater 
eflSciency  of  the  men. 

10.  The  new  ventilating  system  is  advantageous  to  the  mines  adjacent 
to  the  Copper  Queen  mine;  there  is  a  great  deal  of  broken  and  sloped 
ground  along  side  lines  permitting  a  large  amount  of  air  to  escape  through 
these  avenues  and  ventilate  stopes  beyond  the  Copper  Queen  boundary. 
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I.  Introduction 

1.  Subject  and  Scope 

The  formation  of  the  oxidized  ores  of  zinc  has  been  recognized  as  a 
subject  of  great  importance  in  economic  geology.  For  many  years  these 
ores  have  been  much  sought,  partly  because  they  are  more  desirable  for 
metallurgical  treatment  and  partly  because  they  are  apt  to  be  freer  from 
gangue  than  is  the  sulphide  of  zinc.  Up  to  very  recent  years  the  oxidized 
ores  were  the  principal  source  of  the  metal  and  at  present  they  still  furnish 
a  large  portion  of  the  commercial  production. 

The  oxidized  ores  of  zinc  include  six  minerals,  as  shown  in  the  following 
table: 


Mineralogical 
Name 


Chemical  Name 


Chemical  Composition 


Constituenta,  Per  Cent 


Zn 


SiO] 


Fe 


Mn 


Calamine.. . .  |  Basic  silicate  of  zinc 


54.20  25.0 

52.00, 

I 


2ZnO.SiO.H,0  or  Zn- 

I  (OH),.ZnSiO, 

Smithsonite .  i  Zinc  carbonate ZnCOs 

Hydrozincitej  Hydro-carbonate  of  j 

.    zinc '  ZnC0,.2Zn(0H),  . . . 

Willemite. . .;  Anhydrous  silicate  of  !  2ZnO.Si02   or  ZnO.- 

I    zinc ZnSiOa 

Zincite |  Zinc  oxide ZnO 

Franklinite. .  I  Iron-manganese-zinc  !  (FeZnMn)O(FeM- 

oxide n)20, 1 12.00 '42.0     15.0 


58.50  27.0 
80.30 


1 


Only  the  first  three,  calamine,  smithsonite  and  hydrozincitehave  been 
considered  in  this  investigation.  Wherever  the  terms  "oxidized  ores" 
and  "oxidation  products"  are  used  in  this  paper  they  are,  unless  other- 
wise indicated,  strictly  limited  to  these  three  ore-minerals  of  zinc. 

These  oxidation  products  are  universally  believed  to  be  derived  from  the 
sulphide  of  zinc,  as  their  original  mineral.  The  chemical  reactions  of  the 
change,  however,  Are  not  fully  understood  and  have  not,  heretofore,  been 
studied  experimentally  in  the  light  of  physico-chemical  principles.  The 
influence  of  oxidation  by  surface  waters  and  of  other  metallic  compounds 
which  are  associated  with  the  blende,  is  only  inferred  from  field  relations. 
At  the  suggestion  of  Dr.  J.  F.  Kemp,  the  writer  undertook  a  series  of  ex- 
periments with  the  hope  of  clearing  up  some  important  points  in  connec- 
tion with  the  chemistry  of  the  precipitation  of  the  three  oxidized  ores  and 
in  particular,  of  establishing  the  peculiar  set  of  conditions  under  which 
the  antecedent  oxidation  of  the  blende  has  taken  place. 

The  principal  part  of  the  experiments  is,  in  accordance  with  the 
geological  evidence,  limited  to  wet  methods,  and  deals  with  a  single  sub- 
tance,  or  a  group  of  substances  in  solution,  which  are  capable  of  effect- 
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ing  the  solution  of  the  blende  or  of  converting  its  oxidation  product  into 
a  carbonate  or  a  basic  silicate,  as  the  case  may  be. 

2.  Acknowledgments 

The  writer  takes  great  pleasure  in  acknowledging  his  indebtedness 
to  his  professors  and  friends  for  aid  received  in  the  preparation  of  this 
paper.  First  among  them  is  Professor  J.  F.  Kemp,  of  Columbia  Uni- 
versity, under  whom  this  work  was  done.  Throughout  the  entire  labora- 
tory work,  and  especially  on  the  experimental  side,  he  has  manifested 
great  interest  in  the  results  as  they  appeared.  Whatever  merits  this 
paper  may  have  are  largely  due  to  his  valuable  assistance  and  advice. 
For  many  useful  criticisms  relative  to  the  petrographic  feature  of  the 
work,  the  writer  is  indebted  to  Professor  C.  P.  Berkey,  of  the  same  Uni- 
versity. The  writer's  thanks  are  also  due  to  Professor  T.  C.  Chamberlin, 
of  the  University  of  Chicago,  for  inspiration  and  encouragement  through 
correspondence  and  otherwise  during  the  execution  of  this  research,  and 
to  Dr.  R.  T.  Chamberlin  for  many  helpful  suggestions.  To  Professor 
R.  J.  Colony  of  Cooper  Union  of  New  York  City,  the  writer  is  indebted 
for  checking  the  results  of  optical  examinations  of  the  crushed  fragments. 
Acknowledgments  to  other  friends  have  been  indicated  in  the  course  of 
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3.  Review  of  Previous  Work 

Field  Data. — Field  data  concerning  the  paragenesis  of  the  oxidized 
ores  of  zinc  are  abundant.  The  most  suggestive  contribution  to  the 
literature  of  the  subject  is  by  Dr.  R.  Beck.^  In  the  discussion  of  the  zinc 
deposits  at  Raibl  in  Carinthia,  Austria,  he  regards  the  oxidized  ores  of 
zinc  in  that  region  as  the  results  of  extensive  metasomatism,  and  says  that 
the  limestone,  the  inclosing  rock  of  the  ores,  ''is  directly  replaced  by  cala- 
mine and  the  structure  of  the  original  rock  is  retained  by  the  calamine 
and  carbonate  of  zinc."  Our  general  experience  shows  that  calamine  and 
smithsonite  are  derived  from  blende.  Therefore,  the  solutions  which 
replaced  the  soluble  limestone  presumably  obtained  their  salts  by  the 
oxidation  of  sphalerite  and  the  process  was  essentially  one  of  secondary 
enrichment.  That  is  to  say,  the  oxidation  and  solution  of  the  sphalerite 
must  equally  depend:  (1)  on  the  action  of  the  oxidation  products  of 
pyrite  or  marcasite  on  the  sphalerite  in  presence  of  water  (these  iron 
sulphides  in  nature  are  invariably  associated  with  zinc  sulphide);  (2) 
on  the  direct  oxidation  of  sphalerite  as  a  result  of  electrolytic  action* 

^  R.  Beck.    Lekre  von  den  ErzlagerstdUen,  Band  2,  p.  596  (1901). 
•  V.  H.  Gottschalk,  and  H.  A.  Buehler.  Oxidation  of  Sulphides,  Economic  Geology^ 
vol.  vii.  p.  28  (1912). 
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Tale  I. — Analyses  of  Mine  Waters  and  Well  Waters  in  Paris  per  MiUim 


S* 

CI 

Free 

H1SO4 . . 
Combined 

H2SO4.  . 
Metallic 

Fe 

Fe 

Fe 

CaO 

MgO 

Pb 

Metallic 

Zn 

Acidity 


1 

2 

3 

1 

184.2  1886.0 

2033.4 

0.0 

0.0 

0.0 

6 


8 


9 


3200.3 
0.0 


-      1221.41  429.0,  154.3  '29.7 
0.0,      O.Ol    12.81     67.45'    3.5 


0.0    220.5       39.0 


0.0 

0.0 
0.0 
0.0 
354.1 
31.4 
0.0 

20.0 


0.0   6060.9 


670 
490 
180 


0  362.0 

0  ;  0.0 

0  '  293.0 

I  700.5 

I  0.0 

0  0.30 


0 
1432.5  I     80.50  2250.0 


1568.0    333.2 


8032.9        0.0 


523 . 5 

0.0 

1091.5 


0.0 


0.0 
0.0 


465.0 

0.0      0.0 
0.0 


0.0 
910.0 


0.0 


0.0      0.0 
0.0  I    0.0 


0.0 
0.0 


0.0 
0.0 

0.0;       3.0  I  - 

501.0    333.9  1  - 

-?   I  108.6  I  - 

0.0       0.0  '  1.3 


-      I    1.0 
0.0      0.0 


10 

t 

1 161.0 

I     _ 

I 

i     0.0 

'  0.0 

15.5 


20.9  257.0        1.7 
Alkali,  ne 


7.3 


0.0 
70.0 


11 


12 


13 


KCl 

9.5 

6.1 

K2SO4 

0.0 

0.0 

NaCl 

0.0 

1.3 

Na,S04. . . . 

130.3 

38.5 

A1,(S04),.. 

68.3 

73.6 

CaS04    ... 

1528.0 

924.6 

Ca(HCO,), 

0.0 

0.0 

MgS04 .... 

trace 

192.6 

FeS04 

611.9 

387.7 

PbS04 

0.04 

0.0 

ZnS04 

586.2 

851.7 

SiO, 

23.2 

23.2 

H,S04 

170.9 

251.7 

CO,  (free).. 

12.0 

87.0 

0.0 

0.0 

1 

4.5 

30.8 

3.3 

371.5 

0.0 

60.4 

2.6 

7.4 

0.0 

19.7 


SO4 

SiO, 

A1,0, 

FeO&FejOs 

MnO 

ZnO 

CI 

CaO 

MgO 

Insoluble 

residue .... 


14 

233.4  ' 

6.8 

2.8 

6.7 

2.7 

23.5 

trace 

148.5 

28.4 


15 

222.4 

8.0 

0.7 

9.0 

5.9 

5.9 

trace 

101.4 

24.7 


17.5       15.8 


16 

215.9 

2.1 

2.8 

6.8 

8.3 

3.5 

trace 

127.0 

21.7 

21.0 


17 

104.0 

18.0 

O.Q 

9.5 

0.0 

11.1 

12.4 

65,0 

24.9 

0.0 


1.  Oronogo  Circle  mine,  Oronogo,  Mo. 

2.  Duenweg  mine,  Joplin  district,  Mo. 

3.  Continental  mine,  Joplin  district.  Mo. 

4.  Mary  mine,  Joplin  district,  Mo. 

5.  Diamond  Jack  mine,  Carterville,  Mo. 

6.  9th  Shaft,  Oronogo  Circle  mine,  Oronogo,  Mo. 

7.  Well  on  Centre  Creek. 

8.  Well  on  Main  Street,  Joplin,  Mo.         11.  Arkansas  mine,  Joplin  district,  Mo. 

9.  Centre  Creek  water.  12.  Victor  mine,  Joplin  district,  Mo. 
10.  Centre  Creek  water'  13.  O.  K.  mine,  Joplin  district,  Mo. 
14-17.  Mine  waters  of  Rothschonberger  Stolen,  near  Freiberg,  Germany. 

—  =*  No  determination  was  made  of  the  element. 
O  =  The  element  was  absent. 


The  sulphur  in  all  cases  exists  as  sulphate. 
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due  to  the  contact  of  sphalerite  and  iron  sulphides;  or  (3)  on  both  of 
these  actions. 

In  addition  to  this  statement  of  Beck's,  we  have  the  evidence  afforded 
by  analyses  of  mine  waters  and  of  well  waters  from  zinc  districts. 

"While  the  waters  taken  from  a  mine  may  differ  slightly  in  composition  from 
the  ground  waters  that  seeped  through  the  undisturbed  deposit,  in  that  they  are 
probably  more  dilute  on  account  of  the  freer  circulation  of  the  solutions,  and  are 
also  more  highly  oxidised  on  account  of  greater  access  to  the  atmosphere,  yet  never- 
theless their  composition  approaches  fairly  closely  that  of  the  original  ground-waters/'' 

The  Table  I  comprises  typical  analyses*  of  the  waters  from  zinc  mines 
both  in  Europe  and  in  America,  and  of  the  waters  from  wells  in  the  zinc 
district  of  Joplin,  Mo.     The  figures  given  are  all  in  parts  per  million. 

On  inspection  of  these  data,  it  will  be  noted  that  sulphur  in  all  cases 
exists  as  sulphate,  indicating  as  a  distinctive  feature  of  these  waters, 
the  predominance  of  the  sulphates  of  zinc,  iron,  calcium  and  generally 
magnesium,  over  other  salts.  It  has  also  been  noted,  according  to  Mr. 
Waring,*  the  Chemist  of  Webb  City,  Mo.,  that  the  iron  in  the  waters 
freshly  drawn  from  the  depths  of  the  JopUn  mines,  is  always  present  as 
ferrous  sulphate,  while  the  waters  from  the  surface  levels  frequently  con- 
tain ferric  sulphate.  Further  evidence  has  recently  been  shown  by 
Hodge*  as  to  the  presence  of  ferrous  salts  in  the  waters  at  some  depth  and 
of  ferric  near  the  surface. 

According  to  Allen'  and  Wells,*  the  excess  oS  sulphuric  acid  formed  by 
the  oxidation  of  the  iron  sulphides  is  responsible  for  the  increased  solu- 
bility of  the  metaUic  sulphides  in  association.  This  assumption  does  not 
seem  to  be  entirely  consistent  with  the  experimental  facts,  *  or  to  be 
generally  supported  by  chemical  analysis.  Mr.  Waring,^®  speaking  Trom 
his  wide  experience  in  the  zinc  mines  of  Joplin  district.  Mo.,  says  that 
free  sulphuric  is  not  always  present;  in  some  cases,  the  waters  that  are 
quite  rich  in  zinc  sulphate  contain  no  sulphuric  acid.  On  the  contrary 
they  gave  a  strong  alkaline  reaction  to  methyl  orange,  frequently  con- 
taining considerable  amount  of  calcium  bicarbonate.  The  presence  of 
the  latter  compound  in  solution  may  be  a  factor  in  the  process  of  the 


»  N.  C.  Cooke.    Journal  of  Geology ^  vol.  xxi,  p.  6  (1913). 

•  For  the  analyses  Nos.  1  to  10,  the  writer  is  indebted  to  W.  G.  Waring  of  Webb 
City,  Mo.,  who  has  very  kindly  placed  at  his  disposal  the  data  which  for  the  first 
time  appears  in  print.  For  Nos.  11  to  13  inclusive,  the  writer  has  quoted  from  a 
paper  by  Messers  Buehler  and  Go ttschalk,  Economic  Geology,  vol.  v,  p.  34  (1910); 
Nos.  14  to  17  from  Lehre  von  den  Erzlagerstdtlen,  R.  Beck,  vol.  ii,  p.  402  (1901). 

•  Private  communication. 

•  E.  T.  Hodge.    Economic  Geology,  vol.  x,  p.  123  (1916). 
'  E.  T.  Allen.    Economic  Geology,  vol.  v,  p.  387  (1910). 

•  R.  C.  Wells.    Economic  Geology,  vol.  v,  p.  480  (1910). 

•  Gottschalk  and  Buehler.    Economic  Geology,  vol.  vii,  p.  27  (1912). 
**  Private  communication. 
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formation  of  zinc  carbonate  and  will  be  discussed  experimentally  later  in 
this  paper. 

Experimental  Data. — In  the  literature  of  this  subject  no  experimental 
data  bearing  on  this  problem  were  found.  Those  who  hav^  dealt  with 
the  question  in  the  laboratory  have  rarely  worked  under  the  conditions 
which  commonly  obtain  in  nature;  i.e.,  low  temperatures,  low  pressures, 
small  concentrations,  and  the  combination  of  all  these  conditions,  pre- 
senting a  narrow  range  of  possibilities  for  imitative  synthetic  studies. 
H.  de  Senarmont^^  showed  that  zinc  carbonate  can  be  formed  from  zinc 
chloride  and  calcium  carbonate  at  150°C.  Gorgeu^*in  1887  claimed  that 
he  obtained  the  anhydrous  silicate  and  the  oxide  of  zinc  (willemite  and 
zincite)  by  fusing  a  mixture  of  chemical  compounds  containing  the 
required  constituents.  His  experiments  have  been  repeated  by  the 
writer,  but  without  producing  the  same  results."  No  attempt  has  here- 
tofore been  made,  even  using  high  temperature,  to  produce  synthetically 
the  basic  silicate  of  zinc  (calamine). 

The  investigations  of  Allen  and  Creushaw^*  on  zinc  compounds  have 
no  bearing  on  this  problem,  since  their  work  was  confined  to  the  study  of 
zinc  sulphides. 

4.  Plan  of  Present  Irwestigation 

The  present  work  was  divided  into  two  parts,  experimental  work  and 
microscopic  studies  of  thin  sections.  Experimentally  the  main  purpose 
was  to  find:  (a)  what  is  the  exact  nature  of  the  compound  or  compounds, 
commonly  associated  with  the  sulphide  of  zinc,  which  cause  it  to  be  oxi- 
dized and  carried  into  solution  in  meteoric  waters;  (b)  what  are  the  most 
common  reagents  or  compounds  which  are  likely  to  have  caused  the  per- 
cipitation  of  carbonates  or  the  basic  silicate  of  zinc;  (c)  what  are  the 
peculiar  conditions  under  which  these  oxidation  products  may  be  obtained 
in  the  laboratory;  (d)  to  what  extent  the  formation  of  these  oxidation 
products  is  limited  by  ordinary  laboratory  conditions;  and  (e)  what 
influence  is  exerted  by  temperature.  The  microscopic  study  was 
done  chiefly  in  the  hope  of  obtaining  further  evidence  throwing  more 
light  on  the  problem. 

The   experimental    work   here  described  deals   with  the  following 
questions: 

1.  The  solvent  effect  of  iron  sulphates  on  sphalerite. 

2.  The  solubility  of  sphalerite  in  a  salt  solution  of  silver,  of  copper  and 
of  lead. 


"  Doelter  y  Asterich.    Handbuch  der  Mineralchemie,  Band  1,  p.  4W. 
"  Bulletin  10,  SodiUi  Frangaise  de  Mineralogie,  pp.  30  to  39. 
"  See  the  discussion  under  "The  Influence  of  Temperature  on  the  Formation  of 
Calamine,"  Experiment  12. 

**  American  Journal  of  Science  4  eerieSy  vol.  xxxiv,  pp.  341  to  360  (1912). 
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3.  The  reactions  of  carbonates  and  bicarbonates  with  solutions  of 
zinc  salts. 

4.  The  reaction  of  zinc  sulphate  solution  with  pure  and  impure 
limestones. 

5.  The  effect  of  carbon  dioxide  upon  the  basic  silicate  and  the  car- 
bonates of  zinc  in  water,  and  its  bearing  upon  the  conditions  of  their 
precipitation. 

6.  The  reactions  of  a  mixture  of  hydroxide  and  silicate  of  sodium 
with  dilute  solutions  of  a  zinc  salt. 

7.  The  influence  of  temperature  on  the  formation  of  calamine,  and 
its  possible  effects  on  natural  calamine  and  smithsonite. 

On  account  of  the  wide  range  of  the  subjects  involved  in  the  experi- 
ments, each  series  will  be  described  and  discussed  under  its  own  head- 
ing. Unless  otherwise  indicated,  all  of  these  experiments  were  conducted 
under  ordinary  conditions  of  temperature  and  pressure.  Concentrar 
tions  of  solutions  were  small,  deci-normal  in  some  cases,  and  fiftieth  in 
others;  these  concentrations  may  slightly  differ  in  behavior  from  those 
commonly  obtained  from  the  ground  waters,  but  the  difference  is  only  in 
the  speed,  and  not  in  the  nature,  of  the  chemical  reactions. 

The  paper  also  includes  a  discussion,  based  on  the  suggestion  of  Dr. 
Kemp"  as  to  the  origin  of  the  zinc  deposits  at  Franklin  Furnace,  and 
Ogdensburg,  N.  J.,  of  the  effect  of  heat  on  calamine  and  smithsonite, 
with  possible  changes  to  willemite  and  zincite  respectively. 

Method  of  General  Procedure. — Unless  otherwise  indicated,  the  mineral 
to  be  tested  was  first  powdered;  and  only  the  portion  which  passed  50- 
or  100-mesh  sieve,  as  the  case  might  be,  was  used.  Chemically  made 
zinc  compounds  were  also  used  and  are  indicated  in  each  case.  The 
amount  of  reagents  in  solution,  as  to  their  constituents,  were  definitely 
known  whenever  it  was  deemed  necessary.  In  all  cases,  the  precipitate, 
the  residue  if  any,  and  the  liquid  contents  in  filtrates,  were  determined 
quantitatively.  The  comments  which  usually  follow  the  record  of  the 
experiment  were  made  in  each  case  in  consequence  of  the  laboratory 
results.  In  determining  the  temperatures  of  formation  of  the  oxidation 
products  (here  including  willemite  and  zincite  but  excluding  hydrozincite) 
both  the  quantitative  analysis  and  microscopic  examination  of  the  crushed 
fragments  were  employed. 

,  II.  Experimental  Work 

A.  The  Solution  of  Sphalerite 

^  1.  The  Solvent  Effect  of  Iron  Sulphates  upon  Sphalerite, — As  already 
remarked,  there  is  commonly  present  in  the  freshly  drawn  water  from  the 
depths  of  zinc  mines,  such  as  those  of  Joplin,  an  iron  salt  in  solution, 

"  Transactions  of  New  York  Academy  of  Science,  vol.  xiii,  p.  92. 
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which,  if  drawn  from  some  depth,  is  invariably  in  the  form  of  ferrous  sul- 
phate, and  doubtless  indicates  the  oxidation  of  the  blende  to  some  extent 
at  the  expense  of  the  reduction  of  ferric  sulphate. 

The  ferric  sulphate  is  presumably  produced  by  the  oxidation  of  an 
iron  bisulphide  (pyrite  or  marcasite)  which  occurs  not  infrequently  in 
the  zinc-producing  districts.     The  reaction  is  ordinarily  written: 

(a)  FeS2+70+H20  -►  FeS04+H2S04;  and  there  is  further  oxidized: 

(6)  2FeS04  +  H2SO4  +  O  -►  Fe2(S04)3  +  H2O.  This  ferric  solution 
may  hydrolize  to 

(c)  Fe2(S04)s  +  3H2O  -^  FeaOs  +  3H2SO1. 

Reaction  (c),  however,  occurs  only  in  the  absence  of  such  minerals 
as  blende.  In  blende-bearing  strata  the  reaction  (c)  does  not  occur;  at 
least,  no  such  case  has  ever  been  reported.  On  the  contrary,  as  shown  by 
experimental  results  recorded  below,  when  this  strongly  oxidizing  agent 
is  held  in  waters  which  percolate  into  blende-bearing  rocks,  it  will  react 
with  the  sphalerite  and  allow  zinc  to  pass  into  solution.  The  reaction  is 
in  accordance  with  the  equation: 

ZnS  +  Fe2(S04)5  -*2FeS04  +  ZnS04  +  S 

In  order  to  determine  just  what  proportion  of  the  ferric  sulphate  is 
necessary  to  oxidize  one  part  of  sphalerite,  the  following  experiments 
were  undertaken: 

Experiment  1. — A  piece  of  sphalerite  obtained  from  Joplin,  .Mo., 
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6.6663 
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0.3187  18-^ 
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*This  shows  that  the  rest  of  the  sulphur  (81.16  per  cent.)  has  been  oxidized  into 
sulphate. 


THE  FORMATION    OP  THE   OXIDIZED   ORES   OF   ZINC 


1967 


and  known  to  contain  0.9972  g.  ZnS  for  every  gram  of  the  sample  was 

ground  to  pass  a  50-mesh  sieve;  4.873  g.  of  this  material  (on  account  of 

N 
its  impurity,  this  amount  is  a  little  less  than  ^/^  of  its  molecular  weight) 

was  digested  in  1,000  c.c.  ferric  sulphate  solution,  containing  6.663  g. 

N\ 
of  the  salt  (approximately  y^j  .    The  reaction  is  manifested  as  soon  as 

the  sphalerite  is  placed  in  the  ferric  solution.  The  mixture  was  allowed 
to  stand  in  a  2-liter  bottle,  whose  mouth  was  closed  with  a  bunsen  valve, 
and  also  attached  by  a  side  glass  tube  to  an  air  tank  from  which  ordinary 
air  was  allowed  to  pass  slowly  into  the  mixture  15  min.  at  a  time,  three 
times  a  day,  for  a  period  of  four  weeks.  The  foregoing  table  shows  the 
analyses  of  both  the  residue,  which  weighed  0.3204  g.  and  the  filtrate. 

Experiment  2. — ^An  equal  amount,  4.873  g.  of  lump  sphalerite  from 

N 
the  same  sample  was  treated  in  1,000  c.c.    j^  ferric  sulphate  solution. 

In  the  same  way  as  in  Experiment  1,  ordinary  air  was  allowed  to  pass 
slowly  into  the  mixture  three  times  a  day,  15  min.  at  a  time,  for  a  period 
of  four  weeks.  The  residue  weighed  2.0154.  g.  The  following  analyses 
were  obtained  from  the  residue  and  the  filtrate: 
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4.860 

4.860 

10.9123 

100.025 

2.0198 

53.23 

*  This  shows  that  the  rest  of  the  sulphur  (46.77  per  cent.)  has  been  oxidized  into 
sulphate. 

In  both  filtrates  the  iron  and  sulphate  contents  were  determined  with 
9>  Igiown  stren^h  of  K2Cr207  and  BaCU  solutions  respectively.     The 
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amount  of  the  sulphates  of  ferrous  and  ferric,  together  with  that  of  zinc, 
in  the  filtrate  was  recalculated  and  recorded  in  column  II.  These 
analyses  also  show  an  excess  of  sulphur  in  the  residue,  indicating  the 
presence  of  sulphuric  acid,  which  is  sometimes  present  with  FeSO^  and 
ZnS04  in  the  waters  of  zinc  mines." 

According  to  the  above  results,  there  was  practically  no  zinc  remaining 
in  the  residue  in  experiment  1,  and  the  amount  of  ferric  (47.21  per  cent.) 
reduced  to  ferrous,  as  a  result  of  the  oxidation  of  ZnS,  in  the  first  case  is 
12.96  per  cent,  less  than  in  experiment  2,  in  which,  in  spite  of  the  presence 
of  more  ferrous  (60.17  per  cent.)  than  ferric,  only  65.34  per  cent,  of  ZnS 
was  oxidized.  This  difference  is  believed,  other  things  being  equal,  to 
have  been  affected  by  the  fine  grinding  of  the  ZnS  in  the  first  case,  and  its 
absence  in  the  other." 

Whatever  values  are  given  ultimately  for  the  rate  of  oxidation  of  zinc 
sulphide  in  the  presence  of  ferric  sulphate,  the  results  of  the  above  experi- 
ments show  beyond  any  doubt  that  the  chemical  equation  Fe2(S04)  + 
ZnS— ►2FeS04  +  Z11SO4  +  S  merely  represents  the  chemical  reaction 
and  not  the  ratio.  It  is  further  shown  that  in  contact  with  the  oxygen- 
ated water  of  meteoric  origin,  which  is  no  doubt  an  important  factor 
in  nature,  even  a  comparatively  small  proportion  of  ferric  sulphate  will 
accelerate  the  rate  of  oxidation  of  the  sulphide  of  zinc  very  materially. 
These  apparent  inconsistencies  with  the  demands  of  the  solution  theory 
as  required  by  the  above  chemical  equation  may  be  attributed  to  the 
influence  of  electrolytic  action,  as  in  the  case  with  two  different  sulphides." 

The  effect  of  ferrous  sulphate  upon  ZnS  is  quite  different  from  that 
of  ferric  sulphate.  A  solution  of  ferrous  sulphate  in  contact  with 
sphalerite  produced  no  change  whatsoever  in  either,  if  air  is  absolutely 
excluded.  Different  effects  are  observed,  however,  when  the  mixture 
is  freely  exposed  to  air.  The  following  experiments  were  undertaken  to 
demonstrate  these  points: 

Experiment  3. — In  this  experiment  the  ferrous  sulphate  solution 
was  obtained  by  allowing  pyrites  to  oxidize  under  the  influence  of  wat^r 
and  air  and  leaching  the  residue.  The  liquor  was  treated  with  scrap 
iron,  and  the  neutral  solution  evaporated  until  a  hydrate  (FeS04.7HxO) 
is  deposited.  The  salt  is  green  in  color.  Two  portions  of  it,  containing 
approximately  3.799  g.  FeS04,  without  water,  were  treated  in  500  c.c.  of 
distilled  water  in  two  separate  bottles  (a)  and  (b),  and  each  solutioQ 

had  a  strength  about  ^/^  of  its  molecular  weight.     The  solution  was  then 

mixed  with  4.873  -^  g.  of  sphalerite,  previously  ground,  and  treated 
with  500  c.c.  water. 


*•  See  analyses  2,  3,  4,  5,  in  Table  I. 
^^  Economic  Geology,  vol.  v,  p.  35  (1910). 
"  Economic  Geology,  vol.  vii,  p.  28  (1912). 
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The  mouth  of  the  bottle  (a),  after  mixing,  was  closed  with  its  glass 
stopper,  and  the  solution  was  left  in  the  bottle  undisturbed  for  four 
weeks.  In  (b)  the  water  used  was  collected  from  rain  and  the  mixture 
was  allowed  to  stand  in  the  bottle  uncovered  and  freely  exposed  to  air  for 
the  same  period  of  time. 

At  the  end  of  this  period,  each  mixture  was  filtered  separately. 
Both  the  residue  and  the  filtrate  in  each  case,  were  subjected  to  anal3rsis. 

In  the  analysis  of  (a)  the  filtrate  was  analyzed  for  Fe  and  Zn,  but  no 
Zn  was  found  and  only  ferrous  salts  were  present  in  solution  indicating 
that  no  oxidation  had  occurred.  The  residue  was  still  in  the  form  of  ZnS, 
as  revealed  by  qualitative  tests. 

The  analysis  of  (b)  gave,  from  the  residue, 

GramB  QrikoiB  QninB 

FetOa  0.7343  =»  Fe  0.2569  »  Limonite  »  0.9824 

S  1.3671  =  S  1.3671  =  Sulphur  «  0.1554 

Zn  2.4710  »Zii  2.4710  »  ZnS  :=  3.6827 

Impurities  0.0137  =  Imp.  0.0137  =  Imp.  =  0.0137 

H2O  0.2251  =  H,0  0.2481* 


4.8112  4.8342 

and  from  the  filtrate, 

Fe  1 .  1410  «  FeS04         =  3 .  1030 

SO4  3.1142 

Zn  0 .  7846  »  ZnSO*        »  1 .  4368 


5.0398  5.0398 

The  Fe208  is  a  yellowish  red  precipitate  in  the  flask.  After  filtering, 
it  was  added  to  the  residue.  It  is  believed  to  be  a  hydrated  iron  oxide 
such  as  limonite,  since  the  amount  of  water  found  in  the  residue  is  only 
10  per  cent,  less  t'han  what  is  theoretically  required  for  the  amount  of 
FejOa  (0.7343)  to  be  hmonite.  The  results  given  above,  show:  (1)  the 
partial  oxidation  of  sphalerite  due  to  free  access  of  air;  (2)  that  the  ferrous 
sulphate  may,  under  the  influence  of  air,  be  oxidized  to  hydrated  ferric 
oxide,  and  enable  more  sphalerite  to  be  oxidized  by  giving  up  its  sulph- 
oxygen  ions  to  the  latter,  as  evidenced  by  the  free  sulphur  recalculated 
in  the  mineral  component  column  for  the  residue;  (3)  that  ferrous 
sulphate  does  not  oxidize  sphalerite — the  analysis  of  (a) — but  if  it  has 
free  access  to  air,  it  may  form  hydrated  ferric  oxide  and  subsequently 
oxidize  all  the  Zn  into  sulphate,  leaving  its  sulphur  in  the  free  state,  if  the 
mixture  has  been  allowed  to  stand  long  enough  in  the  air;  (4)  that  the 
oxidation  of  ferrous  to  ferric  by  air  in  contact  with  sphalerite  is  probably 
exhibited,  as  in  the  case  of  pyrites  with  sphalerite  ;^'  and  (5)  that,  with 

*  This  figure  is  calculated  from  the  formula  of  limonite,  assumid^  that  the  Fe  is 
in  the  form  of  that  mineral. 

»»  V.  H.  Gottschalk  and  H.  A.  Buehler.   Economic  Geology,  vol.  vii,  pp.  22, 28  (1912) . 
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sufficient  time,  all  ZnS  will  go  into  solution  as  sulphate,  and  all  the  ferrous 
iron  will  oxidize  to  ferric  oxide,  which  in  the  presence  of  water  jdelds 
limonite  or  some  other  iron  hydrate. 

2.  The  Solubility  of  Sphalerite  in  Salt  Solutions  of  Siher,  of  Copper 
and  of  Lead, — That  zinc  can  be  replaced  or  carried  from  its  mineral  in 
form  of  sulphide  into  solution  to  form  a  salt  by  the  replacing  action  of  a 
number  of  metallic  elements  in  the  form  of  their  respective  salts  in  solu- 
tion has  long  been  known  to  physical  chemists.  In  1888,  Schuermann-" 
established  a  series  in  which  he  showed  that  on  application  of  heat  the 
zinc  as  sulphide  is  dissolved  in  a  solution  of  a  soluble  salt  of  any  metal 
higher  in  the  series,  and  that  zinc  can  be  precipitated  as  sulphide  from  a 
solution  of  its  salt  at  the  expense  of  a  sulphide  of  any  metal  lower  in  the 
series.  The  solutions  used  in  his  experiments  were  all  sulphates,  nitrates, 
or  chlorides.  The  following  series  was  established  in  the  order  of  their 
desire  to  combine  with  sulphur: 

1,  Pt;  2,  Hg;  3,  Ag;  4,  Cu;  5,  Bi;  6,  Cd;  7,  Sb;  8,  Sn;  9,  Pb;  10,  Zn; 
11,  Ni;  12,  Co;  13,  Fe;  14,  As;  15,  Tl;  16,  Mn.  The  first  nine  metals 
may  be  considered  as  dissolving  agents  and  the  last  six  as  precipitants  of 
the  zinc  sulphide.  The  reaction  may  be  expressed  in  one  case,  thus: 
MSO4  +  ZnS  -^ZnS04  +  MS;  and  in  the  other  case  thus:  MS  + 
ZnS04  — >  ZnS+  MSO4;  M  representing  any  metal  which  either  precedes 
or  follows  zinc  in  the  series. 

The  metals  whose  minerals  are  commonly  found  in  geological  associa- 
tion with  those  of  zinc,  are  iron,  copper,  cadmium,  lead,  and  occasionally 
silver.  All  these  metals  except  the  first  precede  zinc  in  Schuermann's 
series.  Electrolytically,  however,  all  of  them  can  be  displaced  by  zinc, 
since  the  electromotive  force  of  the  current  required  to  deposit  each  metal 
is  less  than  that  for  the  metal  preceding  in  the  electromotive  series.** 

Some  results  of  scientific  interest  might  be  obtained  by  treating  the 
sulphide  of  zinc  electrolytically  in  a  salt  solution  of  any  metal  preceding 
zinc  in  Schuermann's  series;  but  this  is  outside  our  present  purpose.  It 
is  not  without  interest,  however,  to  consider  the  other  possible  reasons 
for  the  solubility  of  zinc  sulphide  in  the  solution  of  a  salt  of  any  one 
metal  above  zinc  in  this  series,  without  attributing  the  reaction  entirely 
to  their  affinity  for  sulphur,  as  did  Schuermann.  With  this  in  mind,  a 
series  of  experiments  were  undertaken  at  different  temperatures,  degrees 
of  concentration  and  time  limits,  in  order  to  ascertain  their  relaftive 
importance,  each  to  the  other,  and  to  observe  in  each  case  what  change 
would  take  place  under  ordinary  pressures.  For  this  purpose  two  sul- 
phates and  one  nitrate  were  taken— the  three  metals  of  which,  silver,  cop- 
per and  lead,  having,  according  to  Schuermann,  great  affinity  for  sulphur. 

*°  Ernest  Schuermann.    tJber  die  Verwandtschaft  der  Schwermetalle  zum  Schwefel. 
Liehig^s  Annalen  der  Chemie,  vol.  ccxlvii,  p.  326  (1888). 
*'Alex.  Smith.    General  Inorganic  Chemistry ^  p.  362. 
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Throughout  the  series  of  experiments  a  mixture  of  definite  quantity  in 
equal  or  less  molecular  ratio  of  each  solution  was  used.  In  each  case  the 
mixture  was  subject  to  various  temperatures  fol*  a  given  time,  and  to  a 
definite  temperature  for  different  periods  of  time,  until  the  desired 
reaction  was  obtained.  The  solution  of  each  metallic  salt  was  kept  at  a 
uniform  temperature  before  the  beginning  of  each  experiment,  and  the 
sphalerite  used  in  all  these  experiments,  unless  indicated  otherwise,  was 
ground  until  it  passed  a  50-mesh  sieve. 
Experiment  4. — This  comprised  three  tests,  as  follows: 

(a)  Zinc  Sulphide  with  a  Solution  of  Silver  Sulphate 


f 


Molecular  Concenlration 


ZnS 


AgsSOi 


Temp., 
«C. 


Grams   !    E.  N.     ,     C.  C.     '    Nbrm. 


lime 


Reaction 


' 

1 

1 

1  0.4873 

N 
10 

100 

N 
25 

15 

4  hr. 

None 

2 

1  • 
0.2436 

N 
20 

100 

1 

N 
25 

25       1 

1 

4  hr. 

Slight 

3 

0.1950 

N 
25 

100 

N 
30 

30      i 

4  hr. 

Slight 

4 

0 . 1620 

1 

N 
30 

100 

N 
35 

45 

5  min. 

Complete 

5 

1 
0.1220 

N 
40 

100 

N 
40 

45 

6  min. 

Complete 

6 

0.1220 

N 
40 

• 

100 

N 
60 

50 

4  min. 

Complete 

7 

0 . 4873 

N 
10 

100 

N 
25 

40 

6  min. 

Complete 

8 

0.4873 

1 

N 
10 

100 

N 
25 

35 

25  min. 

Apparent,  but  not  complete 

9 

1 

,  0.4873 

N 
10 

100 

N 
25 

30 

1  hr. 

Slight 

10 

0.4873 

N 
10 

100 

N 
25 

25 

3  hr. 

Slight 

11 

0.4873 

N 

—  - 

10 

100 

N 
25 

20 

4  hr. 

Slight 

12 

0.4873 

N 
10 

100 

N 
25 

0 

20  hr. 

None 

13* 

4.873 

N 
10 

1 

1,000 

N 
25 

20 

20  hr. 

None 

1 
14* 

1 

4.873 

1      N 
10 

1,000 

N 

25 

1 

30 

12  hr. 

Slight 

E.     N.  =  Equivalent  normality.     Norm.  =  Normality.      Natural  zinc  sulphide 
and  chemically  pure  silver  sulphide  were  used. 

*  The  sphalerite  in  this  test  was  in  its  lump  form  without  grinding. 
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(b)  Zinc  Sulphate  with  a  Solution  of  Copper  Sulphate 

(CaS0«5H,0) 


Molecular  Concentration 


ZnS 


Grams    J    E.  N 


1  I  0.4873 


0.2436 


3  I  0.1950 


4 

0 . 1620 

5 

0 .  1220 

6 

0 . 1220 

7 

0.4873 

8 

0 . 4873 

9 

0.4873 

10 

0.4873 

11 

0.4873 

12 

0.4873 

13* 

4.873 

14* 

4.873 

N 

10 

N 

20 

N 

0 

25 

N 

30 

N 

40 

N 

40 

N 

10 

N 

10 

N 

10 

N 

10 

N 

10 

N 

10 

N 

10 

N 

10 


CuS04 


c.  c. 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
1,000 
1,000 


Norm. 


N 

10 

N 

20 

N 

25 

N 

30 

N 

40 

N 

40 

N 

10 

N 

lb 

N 

10 

N 

10 

N 

10 

N 

10 

N 

10 

N 

10 


Temp., 


Time 


Reaction 


15 
25 
30 
45 
45 
50 
40 
35 
30 
25 
20 
0 
20 
30 


4  hr.    ,  None 


4  hr. 
4  hr. 
7  min. 
7  min. 
6  mm. 


None 

Slight 

Almost  complete 

Almost  complete 

Complete 


9  min. I  Complete 


25  min.  Slight 
2  hr.      Slight 


5  hr. 


Slight 


13  hr.    I  Slight 


13  hr. 


13  hr. 


None 


None 


15  hr.     SUght 


E.  N.  =  Equivalent  normality.     Norm.  =  Normality.     Natural    ainc  sulphide 
and  chemically  pure  copper  sulphide  were  used. 

*  The  sphalerite  in  this  test  was  in  its  lump  form  without  grinding. 
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(c)  Zinc  Sulphipb  with  a  Solution  op  Lead  Nitrate** 


ZnS 

;>lecular  Concentrat 

tion 
N0i)« 

Temp., 

•c. 

Time 

Reaction 

PbC 

1 

GraniB   ' 

1         _    _  ''  _ 

E.N. 

C.  C,         Norm. 

1 

1 

1 

1     0.4873 

N 
10 

100 

:      N 
10 

1 

1     15 

1 

4  hr.  »  None 

1 

2  ,  0.2436 

N 
20 

100 

N 
20 

25 

4  hr.      None 

1 

3     0.1950, 

N 
25 

100 

N 
25 

'  30 

4  hr. 

Very  slight 

4  i  0.1620 

N 
30 

100 

N 
30 

45 

13  min. 

Complete 

5     0.1220 

N 
40 

100 

N 
40 

45 

13  min. 

Complete 

6     0 . 1220 

N 
40 

™  i 

.    50 

11  min. 

Complete 

« 

7     0.4873 

i 

.N 
10 

-      fo 

40 

18  min. 

Complete 

8  [  0.48731 

N 
10 

-  f. 

35 

30  min. 

SUght 

9     0.4873 

j 

N 
10 

100 

N 
10 

30 

3  hr. 

Slight 

10     0.4873, 

N 
10 

100 

N 
10 

25 

7  hr. 

SUght 

11   '  0.4873 

N 
10 

'««l    fo 

20 

14  hr. 

Slight 

12      0 .  4873 

1 

N 
10 

"»     fo 

0 

14  hr. 

None 

13 ♦,  4.8730 

1 

N 

lb 

1,000 

N 
10     1 

20 

14  hr. 

None 

14*,  4.8730 

N 
10 

1,000 

N 
10 

30 

20  hr. 

Very  slight 

E.    N.  =  Equivalent   normality.    Norm, 
and  chemically  pure  lead  nitrate  were  used. 


=  Normality.     Natural  zinc  sulphide 


In  explanation  of  the  results  in  the  above  three  tables,  it  should  be 
mentioned  that  the  precipitated  sulphides  of  Ag,  Cu  and  Pb  were  all 
amorphous  and  that  all  were  qualitatively  determined.  No  attempt  was 
made  for  quantitative  determination. 

From  these  results  it  can  be  readily  seen  that  temperature  alone  has 
played  a  most  important  rdle  in  the  solubility  of  ZnS  at  its  various  mol- 
concentratipns.     This  is  best  brought  out  by  numbers  6  to  14  inclusive 


*  The  sphalerite  in  this  is  in  its  lump  form  without  grinding. 
♦♦It   was  also  tried  with  PbSOi,  but  this  compound  is  exceedingly  difficult  to 
dissolve,  so  Pb(NOi)i  was  employed  instead. 
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in  each  case.  It  la  also  intereeticg  to  note  from  a  scientific  point  of 
view,  that  the  temperature  of  45°C. seems  to  be  a  critical  one  in  all  cases. 
The  differences  in  the  amount  of  ZnS  and  in  the  concentration  of  the  re- 
agent do  not  exert  any  appreciable  influence  upon  the  time  required  U) 
complete  the  reaction.  The  differences  in  time  required  for  the  solution 
of  ZnS  in  each  of  these  different  solutions  at  different  concentrations  ia 
apparently  due  to  the  difference  of  their  metallic  sulphides  either  in  po- 
tential values  or  in  solubility  products,  or  both.    The  single  potentials 


1  MrNUTES— 


TIME  . 

From  0  to  30  every  small  squurc  reprcsenta  one  min.;  from  30  to  20  to  the  right 
every  amall  aquare  repreacnta  one  hr. 

Curve  A  represents  the  reaction  between  ZnS  and  AgiSOt. 

Curve  6  repreaenle  the  reaction  between  ZnS  and  CuSOj. 

Curve  C  repreaenta  the  reaction  between  ZnS  and  Pb(NOi)i. 

The  broken  part  in  each  curve  represents  the  unknown  time  required  at  a  tempera- 
ture between  20°  and  0°C.    Their  concentrations  are  indicated  in  their  respective 

Fia.  1. 
of  the  metals,  Ag,  Cu  and  Pb,  in  solution  saturated  with  their  sulphides, 
as  determined  by  Zengelis"  are  as  follows: 

Ag  in  AgiS  -  0.34  volts 

Cu  in  CuiS  -  0.203  volts 

Pb  in  PbS    -  0.20  to  0.06  volts 

The  writer  is  unable  to  find  any  information  concerning  the  exact 
potential  value  of  zinc  under  similar  conditions;  but  it  ia  readily  inferred 

"  K.  Zengelis.     Ueber  die  electTomotische  KrSfler  unlSditcher  iind  hompUxtr  SaUr. 
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that  the  potential  of  zinc  in  its  zinc  sulphide  would  be  lower  in  comparison 
with  that  of  any  of  these  three  metals  from  the  fact  that  their  sulphides 
can  be  precipitated  from  their  salt  solutions  in  contact  with  zinc  sulphide 
at  a  definite  temperature,  as  shown  by  the  above  experimental  results. 
Their  solubility  product  doubtless  plays  an  equally  important  part  in 
these  reactions.  The  fact  that  less  soluble  compounds  must  be  thrown 
down  in  presence  of  more  soluble  ones  is  too  well  known  to  be  doubted. 


TEMPERATURE 
The  dotted  line  represents  the  behavior  of  AgiSOi  solution  with  ZnS.    The  con- 
tinuous black  line  represents  the  general  behavior  of  CuSOi  snd  Pb(NOi)]  solutions 
with  ZnS, 

Note  the  influence  of  these  three  solutions  on  ZnS  at  the  temperature  ot  45° 
irrespective  of  their  concentrations. 

Fia.  2. 

Fig.  1  is  intended  to  show  the  time  required  for  the  reaction  at  various 
temperatures  between  each  of  these  three  solutions  and  ZnS. 

Fig.  2  illustrates  the  general  behavior  of  ZnS  with  two  different  salt 
solutions  of  these  three  metals  at  different  concentrations  and  tempera- 
ture, irrespective  of  the  time  required  for  the  rRaetion  in  each  case. 

The  above  results  may  help  to  account  for  the  fact  that  when  zinc 
occurs  in  paying  quantities  as  sulphide  with  the  sulphide  of  Ag,  Cu,  or 
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Pb;  the  zinc  always  appears  most  abundantly  only  beneath  the  horizon 
of  the  minerals  of  the  latter  three,  if  they  occur  contemporaneously  in  the 
same  horizon.  It  must  not  be  understood  that  sphalerite  does  not  occur 
side  by  side  with  galena  or  chalcop3rrite  or  argentiferous  galena.  When 
they  do  occur  together,  it  simply  means  there  was  enough  sulphur  to  take 
care  of  all  of  them.  This  relation  is  particularly  well  shown  in  the  occur- 
rence of  zinc-lead  deposits  in  the  Mississippi  Valley,  where,  if  galena  is  the 
chief  ore,  ZnS  occurs  only  beneath  the  richest  horizon  of  galena;  if  ZnS 
is  the  principal  ore,  PbS  is  found  only  in  the  upper  portion  of  the  orebody, 
as  is  the  case  with  the  ores  in  Joplin,  Mo.  The  zinc  mines  at  Butte'' 
at  the  present  time  also  show  this  to  be  true.  In  former  times,  silver 
sulphide  occurred  and  was  mined  in  the  upper  horizon.  At  present,  blende 
is  mined  beneath  that  horizon.  It  is  not  unlikely  that  in  these  mines  at 
Butte,  copper  sulphide  may  also  occur  at  a  greater  depth  in  the  future,  but 
this  would  simply  mean  that  the  occurrences  represent  different  periods 
of  deposition. 

With  these  geological  observations  on  the  one  hand,  and  chemical 
relations  on  the  other,  there  can  be  no  doubt  that  ZnS,  if  present  in  solu- 
tion together  with  sulphides  of  Pb,  Cu,  or  Ag,  is  the  laat  mineral  to  be 
formed  in  nature. 

B.  Formation  of  Zinc  Carbonates 

3.  The  Reactions  of  Carbonates  and  Bicarbonates  With  Sohdions  of 
Zinc  Salts. — From  the  fact  that  the  molar  solubility  of  ZnCO?  is  much 
lower  than  that  of  ZnS04,  or  ZnCU,  and  that  ZnS  is  often  replaced  in 
nature  by  ZnCOa,  it  is  readily  inferred  that  the  substances  in, an  orebody, 
capable  of  changing  ZnS  to  ZnCOa,  or  precipitating  ZnCOj  from  a  solu- 
tion in  which  Zn  is  held  as  a  sulphate  or  chloride,  are  largely  the  soluble 
normal  carbonates  and  bicarbonates. 

The  normal  carbonates  of  sodium  and  potassium  and  bicarbonates  of 
sodium  and  calcium  were  used  for  the  •following  experiments  to  demon- 
strate this  point. 

Experiment  fe. — On  the   precipitation  of  ZnCOj  from  its  soluble 

compounds. 

N 
(a)  Normal  carbonate  of  sodium:  400  c.c.  -^  solution  of  ZnSO^  was 

mixed  with  an  excess  of  Na2C0a  solution  of  same  normality.     A  flocculent 

N 
precipitate  formed  immediately.     Similarly  400  c.c.  ^^  solution  of  ZnCli 

was  mixed  with  an  excess  of  Na2C03  solution  and  a  precipitate  likewise 
formed  immediately.  Each  of  these  mixtures  (ZnS04  +  NajCOi  and 
ZnCU  +  Na2C08)  was  then  warmed  and  each  precipitate  was  filtered  and 
washed  until  the  washings  did  not  show  any  presence  of  CI  or  S0#. 

*'  Learned  orally  from  Prof.  J.  F.  Kemp,  who  has  just  visited  some  of  the  sine 
mines  at  Butte,  Mont. 
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The  precipitate  from  (ZnSOi  +  NajCOj)  weighed  0.4423  g.  and  that 
from  (ZnClj  +  NajCOs)  0.4322  g.  Both  were  amorphous  and  each 
yielded  the  following  after  being  dried  in  the  oven  and  cooled  in  the 
desiccator: 

The  precipitate  from  the  reaction  ZnS04  +  NajCOs: 


Chemical  Componenta 


Grams 


Per  Cent. 


Molecular  Weight  \  Molecular  Ratio 


ZnO 

CO, 

H,0 

0.33320 
0.06003 
0.04912 

75.34 
13.57 
11.21 

81.40 
44.00 
18.00 

0.9255 
0.3084 
0.6227 

0.44235 

100.12 

< 

Molecular  proportions: 

0.9255  :  0.3084  :  0.6227  =3:1:2  =  3ZnO.CO2.2H2O. 
The  precipitate  from  the  reaction  ZnCU  +  Na2C08: 


1 

Chemical  Components 

ZnO 

CO, 

H,0 , 

L 

Grams 

0.32560 
0.05866 
0.04799 

Per  Cent. 
1           75.33 

13.59 
I         11.10 

1  Molecular  Weight 

1         81.40 

44.00 

1         18.00 

Molecular  Ratio 

0.9252 
0.3088 
0.6166 

1 

0.43225 

100.02 

1 

Molecular  proportions: 

0.9252  : 0.30i88  : 0.6166  =  3:1:  2  =  3ZnO.CO2.2H2O. 

The  above  results  clearly  show  that  each  of  these  precipitates  repre- 
sents, not  a  normal  zinc  carbonate,  but  a  basic  zinc  carbonate  such  as 
hydrozincite.  Its  reaction  may  be  represented  by  some  such  equation 
as  this: 

SNajCO,  +  4H2O  +  3ZnS04  -*  3Na2S04  +  2H2CO8  +  ZnC03.2Zn(OH)2 
SNajCO,  +  4H2O  +  3ZnCl2-^NaCl  +  2H2COS  +  ZnC03.2Zn(OH)2 

Moreover,  Dana^  in  his  System  of  Mineralogy j  suggested  this  formula 
for  hydrozincite.  According  to  hiin,  the  constituents  of  a  hydrous  zinc 
carbonate  from  Auronz,  were  as  follows:  ZnO,  73.21;  CO2,  14.55;  and 
H2O,  11.38  per  cent. 

In  another  experiment,  the  reactions  between  NajCOa  and  ZnS04  solu- 
tions gave  likewise  a  precipitate  of  basic  zinc  carbonate,  but  it  was  found 
to  contain  only  one  molecule  each  of  ZnC.Os  and  Zn(0H)2.  This  difference 
probably  indicates  that  the  formation  of  basic  zinc  carbonate  varies  in 
compoBition  according  to  conditions.^* 

**  Alex.  Smith.    General  Inorganic  Chemistry ^  p.  649. 
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The  precipitate  obtained  from  the  reaction  of  potassium  carbonate 
with  ZnS04  or  ZnCU  was  identical  in  appearance^  but  no  analysis  was 
made. 

Duplicates  of  this  experiment  between  ZnS04  and  Na2C03  were 
performed  at  the  same  time  and  under  same  conditions;  but  instead  of 
filtering  off  the  precipitate,  carbon  dioxide  was  allowed  to  pass  directly 
into  the  mixture  for  half  an  hour  to  one  hour.  The  mixture  (formerly 
precipitate  and  liquid)  became  in  this  time  a  clear  solution  showing  that 
ZnCOa  is  not  stable  in  presence  of  free  H2CO3.  This  agrees  with  the 
fact  that  in  the  waters  of  zinc  mines,  where  zinc  carbonates  occur,  no 
H2CO3  has  been  reported. 

(6)  1.  Bicarbonate  of  Sodium  (NaHCOa):  To  an  excess  of  this  bi- 

N 
carbonate  solution  was  added  400  c.c.  of  ^  ZnS04  solution.     The  mixture 

oU 

soon  became  milky  and  a  very  fine  precipitate  was  formed.     Some  CO2 

gas  appeared  during  the  precipitation.     In  the  same  way  ZnCU  was 

treated  with  NaHCOs  and  the  same  kind  of  precipitate  was  formed. 

Each  mixture  was  heated  almost  to  boiling  in  order  to  drive  off  the  excess 

of  CO2.     Each  precipitate  was  separated  from  its  liquid  by  filtration,  and 

was  washed  until  no  sign  of  SO4  or  CI  was  shown.     The  precipitate  in 

each  case  was  amorphous. 

The  weight  of  the  precipitate  from  ZnS04  was  0.5112  g.,  and  that 

from  ZnCl2,  0.4873  g.     After  being  dried  in  the  oven  and  cooled  in  the 

desiccator  they  yielded  the  results  given  below:  • 


The  precipitate  from  the  reaction  between 
ZnSOi  and  NaHCOi 


Grams,  Per  Cent. 


The  precipitate  from  the  reaction  between 
ZnClt  and  NaHCOs 


Grams,  Per  Cent. 


ZnO 0.3302  =  64.6 

CO2 0.1798  =  35.18 

HjO trace 


0.3164  =    64.94 
0.1712  =    35.14 
none 


Total 0.5100      99.781  Total. 


0.4876       100.08 


The  substance  is  evidently  anhydrous  carbonate  of  zinc  and  this  reac- 
tion may  be  represented  by  the  following  simple  equation: 

ZnSO,  +  2NaHC03  -*  ZnCOs  +  Na2S04  +  H2CO, 

i 
H2O  +  COs 
■      ZnCU  +  2NaHC0,  -^  ZnCO,  +  2NaCl    +  H^CO, 

i 
H2O  +  CO2 
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Theoretically  anhydrous  carbonate  of  zinc  contains:  ZnO,  64.8;  CO2, 
35.2  per  cent. 

(6)  2.  Bicarbonate  of  Calcium:  1.001  g.  of  finely  powdered  pure  lime- 


stone (an  equivalent 


-i) 


were  placed  in  1,000  c.c.  water,  into  which 


carbon  dioxide  was  subsequently  allowed  to  pass  until  the  powdered 
mineral  entirely  disappeared,  being  converted  into  the  more  soluble 
bicarbonate.     The  reaction  may  be  represented  by  the  following  equation : 


CaC03'+  HaCOa  ->  Ca(HC08)a 


N 


400  c.c.  of  this  lime  solution  were  mixed  with  a  slight  excess  of  -^  solution 

of  ZnS04  in  one  flask  and  ZnCU  in  the  other.  Each  mixture  immediately 
became  milky  and  a  very  fine  precipitate  formed.  The  liquid  was  almost 
neutral.  After  being  heated  to  boiling  each  precipitate  was  filtered  off, 
washed  until  the  last  few  drops  of  washing  water  no  longer  showed  the 
presence  of  SO4  or  CO3  ions.  Then  each  was  dried  in  the  steam  oven. 
They  were  weighed,  after  they  had  been  allowed  to  cool  in  the  desiccator, 
and  yielded  respectively: 

A.  The  precipitate  from  Ca  (HCOOi  +  ZngO*  weighed  0.4581  g. 


Grams 


Per  Cent. 


Molecular 
Weight 


Molecular 
Ratio 


Molecular 
Proportion 


CaO 

0.11290 
0 . 17862 
0 . 10650 

24.63 
38.98 
36.34 

56.1 
44.0 
81.4 

0.4389 
0.8700 

0.4287 

■ 

1 

CO, 

ZnO 

2 

1 

B.  The  precipitate  from  Ca(HC0i)2  +  ZnClt  weighed  0.4272  g. 


CaO. 
COj. 
ZnO. 


Grams 

0.11070 
0 . 10743 
0.14910 


Per  Cent. 

25. pO 
39.19 
34.90 


Molecular 
Weight 


56.1 

44.0 
81.4 


Molecular 
Ratio 


Molecular 
Proportion 


0.4616 
0.3906 
0.4287 


1 
2 
1 


Their  mineral  components  according  to  the  amount  of  the  above 
chemical  analyses,  may  be  represented  respectively: 


(A) 

CaO.CO,  or  CaCO,  =  0.2014  g. 
ZnO.COa  or  ZnCOa  =  0.2566  g. 


(B) 


CaCO.COi  or  CaCOi  =  0. 1970  g. 
ZnO.COj  or  ZnCO,     =  0 .2320  g. 


From  this  it  appears  that  the  compound  consists  of  carbonates  of 
calcium  and  zinc.     From  the  amount  of  calcium  carbonate  used  at  the 


16 
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start,  before  its  conversion  of  Ca(HC08)2,  and  from  the  amount  of  the 
mineral  component  of  the  same  compound,  it  is  readily  seen  that  the 

N 
amount  of  Ca  present  in  400  c.c.  of  ^  Ca(HC03)2  solution  is  0.1614g.aDd 

that  the  metal  recovered  in  its  original  form  of  CaCOa  by  interaction  with 
ZnS04  is  0.0808  g.  or  a  little  over  half  of  its  original  amount. 

It  is  also  theoretically  known  that  one  molecule  of  Ca(HC0s)2  in 
solution  is  able  to  precipitate  an  equivalent  of  ZnCOs,  and  to  produce  a 
complete  reformation  of  CaCOs,  provided  they  are  not  affected  by  the 
byproduct  H2SO4,  as  indicated  in  the  equation: 

(1)  Ca(HC08)2  +*ZnS04-^CaC08  +  ZnCO,  +  H2SO4 

But  this  hardly  appears  to  be  correct,  as  shown  by  the  amount  of  the 
mineral  components  which  is  only  about  half  of  what  this  equation 
demands.  Suffice  it  to  say  that  the  formation  of  the  "secondary" 
H2SO4  (or  HCl,  if  ZnCU  is  used  instead  of  ZnS04)  must  be  used  up  in  its 
reaction  with  the  chemically  precipitated  ZnCOs,  and  CaCOs,  thus  con- 
verting part  of  both  of  these  precipitates  into  ZnS04  and  CaS04  on  the 
one  hand,  and  giving  rise  to  the  formation  of  H2COS  on  the  other  until 
the  new  equilibrium  is  reached.  These  relations  may  be  best  shown  by 
the  following  equation: 

(2)  H2SO4  +  3^CaC03  +  KZnCOs  ->  3^CaS04  +  MZnS04  +  H2CO, 

As  soon  as  this  condition  is  reached  the  rest  of  the  CaCOs  and  ZnCOs  will 
be  able  to  remain  as  precipitates,  since  these  carbonates  are  quite  stable 
in  the  solution  of  their  sulphates.  It  is  also  possible  that  the  carbonates 
of  Zn-  and  Ca  may  co-exist  as  one  compound,  analogous  to  dolomite, 
whose  formula  is  ordinarily  written:     MgCOs.CaCOs. 

The  H2CO3  shown  in  equation  (2)  doubtless  breaks  up  into  H2O  and 
CO2.  These  relations  are  further  proved  by  the  qualitative  test  of  the 
filtrate  which,  after  being  heated  to  boiling  for  15  min.,  showed  only  the 
presence  of  Ca,  Zn  and  SO4  ions. 

These  reactions  may  help  to  account  for  the  occurrence  of  zinc 
carbonate  in,  and  in  contact  with,  limestone  in  nature,  as  in  the  Bertha 
Mines  of  Virginia. 

Dr.  Watson^*^  has  suggested  that  the  calcium  carbonate  must  be  first 
converted  into  soluble  calcium  bicarbonate  due  to  *'the  interaction  of 
the  percolating  atmospheric  waters  containing  carbon  dioxide  in  solution 
on  limestone,*'  before  the  reaction  to  form  zinc  carbonate  takes  place. 
This  is  in  full  accord  with  the  writer's  experience  in  the  laboratory.  He 
further  suggested  that  in  the  formation  of  normal  zinc  carbonate,  under 
natural  conditions,  the  compound  is  probably  in  the  form  of  basic  carbon- 

"  T.  L.  Watson.     Bulletin  No.  1,  Geological  Survey  of  Virginia,  p.  44  (1905). 
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ate  as  an  "intermediate  step"  towards  the  formation  of  normal  zinc 
carbonate  from  the  reactions  between  zinc  sulphate  and  calcium  bicar- 
bonate. But  the  writer's  laboratory  experience  tends  to  indicate  that 
normal  zinc  carbonate  only  is  formed  if  the  reagent  is  a  bicarbonate, 
whereas  a  basic  carbonate  of  zinc  only  is  precipitated  in  varying  composi- 
tion if  the  reagent  is  a  normal  carbonate. 

The  precipitates  from  duplicates  were  not  filtered,  but  directly  treated 
with  carbon  dioxide,  which  was  allowed  to  pass  into' the  mixture  for  about 
three-quarters  of  an  hour.  At  the  end  of  this  period  the  precipitates  had 
entirely  disappeared  and  the  liquid  had  become  clear,  indicating  that  in 
presence  of  free  HsCOg  the  normal  carbonate  of  zinc  cannot  exist,  prob- 
ably just  as  the  calcium  carbonate  became  soluble,  forming  bicarbonate, 
under  the  same  condition,  as  shown  in  the  preparation  of  it  for  the  above 
experiments. 

Similar  experiments  were  performed  with  chemically  made  sulphide 
of  zinc  and  with  natural  sulphide  from  Joplin,  Mo.     In  these  experi- 

N 
ments  0.4873  g.  (the  equivalent  of  j^^)  of  each  of  these  sulphides  was 

treated  in  1,000  c.c.  water  and  mixed  with  a  double  amount  of  - 

"  JLUU 

solution  of  normal  sodium  carbonate  in  one  flask,  and  of  bicarbonates  Of 
sodium  and  calcium  in  the  other,  as  before.  No  evidence  of  appreciable 
change  in  each  case  was  noted  in  the  course  of  two  months.  Carbon 
dioxide  was  then  passed  into  each  of  these  mixtures  for  an  hour,  but 
evidence  of  change  was  equally  absent  in  each  case.  This  suggests  that 
direct  oxidation  of  sphalerite  to  zinc  carbonate  is  far  from  being  realized 
under  laboratory  conditions. 

Experiment  6a. — On  the  Conversion  of  Zinc  Carbonate  from  Zinc 
Sulphide.  These  experiments  were  repeated,  but  only  the  natural 
sulphide  of  zinc  was  used,  with  modifications  in  the  conduct  of  the  ex- 
periments. 100  g.  of  coarsely  crushed  (not  powdered)  sphalerite  was 
spread  in  layers  in  a  large  glass  jar  (A,  Fig.  3),  9  in.  high  and  4  in.  in  di- 
ameter, with  alternate  layers  of  various  sizes  of  sandstones,  shales  and 
limestones  above  and  below  the  sulphide  layers.     The  entire  charge  filled 

N 
the  jar  three-quarters  full.    A  solution  of  ^  CuSO^.     5H2O  was  first 

allowed  to  flow  slowly  into  this  jar  through  a  glass  tube  (Ti)  and  as  soon 
as  the  solution  filled  the  jar  up  to  three-quarters  of  the  depth,  the  solu- 
tion was  allowed  to  flow  through  another  glass  tube  {T2),  which  was  fixed 
to  reach  downward  one-fourth  of  the  depth  of  the  jar,  into  another  bottle 
which  served  as  a  receiver  (C)  containing  the  excess  of  the  solution  of 

CUSO4,  which  was  returned  to  the  supplying  bottle  (B)  from  time  to  time. 

N 
Altogether  18,000  c.c.  of  -^  CUSO4  solutions  were  used  during  the  entire 

period,  including  fresh  portions  of  this  solution,  added  from  time  to  time 
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to  compensate  for  evaporation.  This  treatment  was  continued  for  a 
period  of  four  months,  under  ordinary  conditions  of  temperature  and 
pressure. 

At  the  end  of  this  period  the  colorless  solution  and  the  blackish  precipi- 
tate, formed  during  the  operation  in  the  jar  (A),  and  the  solutions  in 
bottles  (B)  and  (C),  amounting  by  this  time  to  about  3,400  c.c,  were  all 
emptied  into  a  large  flask.     The  sandstone,  shale  and  limestone  together 


ji^  — 


«yt  ~  sphalerite 

ep  _  Louipe  of  Limestone, 
Co^  ^  Sbale  and  SaiKlstoue 


CuSOi  Solution 

Fig.  3. — Apparatus  for  Experiment  6a. 

with  the  remaining  lumps  of  sphalerite  in  jar  (A),  were  carefully  washed 
with  water  until  the  washing  water  was  free  from  SO4  ions.  All  the 
washings  were  added  to  the  mixture. 

The  blackish  precipitate  was  then  filtered  oflf  from  this  mixture  and 
washed  until  the  washings  showed  no  presence  of  SO4  ions.  These 
washings  were  also  added  to  the  filtrate  which  was  then  made  up  to 
5,000  c.c.  with  distilled  water. 
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It  was  the  purpose  of  this  experiment  to  ascertain  in  a  quantitative 
way:  (1)  whether  copper  as  sulphate  in  dilute  solutions  would  attack  the 
natural  ZnS  in  contact  with  limestone,  shale  and  sandstone;  and  (2) 
whether  such  reagent  would  also  dissolve  part  of  those  rocks  in  the  jar, 
apart  from  sphalerite,  in  the  course  of  circulation.  To  determine  these 
two  points,  definite  portions  of  the  filtrate  and  the  precipitate,  whose 
weight  after  being  dried  in  the  desiccator  was  found  to  be  17.2  g.,  and 
which  contained  some  free  sulphur,  were  taken  for  analysis.  The  fil- 
trate, according  to  litmus  paper  tests,  was  slightly  acidic  or  almost  neutral; 
500  c.c.  of  it  were  used  in  the  analysis  recorded  below:  The  precipitate 
yielded : 


ZnO 

Cu 

CO, 

S  including  free  S. . 
SiO, ,.. 

and  from  the  fil- 
trate were  ob- 
tained 

SiO, 

A1,0, 

FeO 

Fe,0, 

CaO 

MgO 

Na,0 

K,0 

SO4 

ZnO 


2.1790 
11.4400 
1.1790 
5.7600 
0.1002 


Zn 
Cu 


gangue 


1.7520 
11.4400 


Amount  iti 

Precipitate 

and  in 

Filtrate 


1.7520 
11.4400 


7.4662 


7.4662 


20.6582 


20.6582 


0.0018 
0.00366 


SiO, 
Al 


0.0018 
0.00194 


0.00844 
0.03673 
0.06253 
0.00824 
0.01250 
1.72810 
1.24700 


Fe 

Ca 

Mg 

Na 

K 

SO4 

Zn 


0.00590 
0.02625 
0.03775 
0.00612 
0.01038 
1.72820 
1.00200 


17.2820 
10.0200 

47.9602 


Amount  of 

Cu  and  SO« 

Originally 

Present  in 

Solution 


11.4400 


17.2820 


28 . 722 


N 
From  the  molecular  weight,  it  is  known  that  18,000  c.c.  -^  CuSOi.- 

5H2O  solution  furnish  about  11.448  g.  Cu,  and  from  the  chemical  reactions, 

CUSO4  +  ZnS->CuS  +  ZnS04 

the  amount  of  copper  (11.440  g.)  actually  found  in  the  precipitate  would 
require,  by  calculation,  about  5.76  g.  sulphur  to  form  CuS.^^    The  amount 

*•  The  CuS  is  believed  to  have  been  reduced  to  Cu-^S  and  the  free  S  in  the  pre- 
cipitate is  due  to  this  reduction. 
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of  zinc  (1.7520  g.)  was  undoubtedly  in  the  form  of  carbonate,  precipitated 
from  zinc  sulphate,  as  may  be  inferred  also  from  the  presence  and  amount 
of  carbon  dioxide  in  the  analysis.  Thus  by  calculation,  according  to  the 
above  analysis,  the  precipitate  contains  the  following: 

Grams  Grama 

CuS         =17.20      »*  Cu         11.4400 
ZnCO,     =    3.358    =  Zn  1.7620 

SiOj         =    0 .  1002  =  gangue    7.4662 


20.6582  20.6582 

The  analysis  of  the  filtrate,  through  the  absence  of  Cu,  points  to  its 
precipitation  from  solution,  and  the  presence  of  an  almost  equivalent 
amount,  molecularly  speaking,  of  zinc  in  the  solution  as  sulphate,  indi- 
cates the  oxidation  of  zinc  from  its  sulphide.  Lastly,  the  presence  of 
other  substances,  which  were  absent  in  the  mixture  at  the  beginning  of 
the  experiment,  indicates  that  a  solution  containing  sulphate  of  copper 
(or  a  soluble  salt  of  any  other  metal  beneath  hydrogen  in  the  electro- 
motive-force series)  tends  to  carry  many  common  rock-making  minerals 
or  components  into  solution  and,  as  a  consequence,  neutralize  or  decrease 

its  acidic  character  to  a  very  appreciable  extent. 

N 
It  is  also  known  from   the   molecular  weight  that  18,000  c.c.  f^ 

solution  of  CuS04  furnish  11.448  g.  Cu  and  17.2818  g.  SO4."    Theoretic- 

N 
ally,  a  v^  solution  of  cupric  sulphate  in  one  liter  requires  0.654  g.  Zn 

to  displace  all  the  Cu. 

But  from  the  fact  that  Cu  is  entirely  absent  in  the  filtrate,  as  shown 
by  the  above  analysis,  the  theoretical  amount  of  Zn  oxidized  into  sulphate 
or  required  to  replace  the  amount  of  Cu  actually  found  in  the  precipitate, 
cannot  be  less  than  11.76  g.,  as  based  on  the  reaction, 

CUSO4  +  ZnS->CuS  +  ZnS04 

By  deducting  11.76  g.  (to  satisfy  the  replacement  of  the  Cu)  from  the 
amount  of  Zn  found  in  the  filtrate  (10.02  g.)  and  in  the  precipitate  (1.752 
g.)  there  is  an  excess  of  0.012  g.  (11.772  -  11.76  =  0.012),  which  is 
about  0.1019  per  cent,  more  than  what  is  theoretically  necessary  for  the 
amount  of  copper  as  found  in  the  analysis  of  the  precipitate.  The  dif- 
ference in  these  values  (between  theoretical  and  practical  calculations) 
is  undoubtedly  due  to  errors  in  manipulation. 

The  amount  of  SO4  in  the  original  solution  as  represented  by  CUSO4 
at  start  was  17.2818  g.  (theoretically).*'     The  amount  recovered  was 


"  In  calculating  the  SO 4  from  the  sulphate  of  copper  no  water  of  crystallisation 
was  considered. 
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17.282  g.  After  deducting  from' the  total  amount  of  SO4  (17.282  g.) 
the  theoretical  amount  required  for  all  the  Zn  as  sulphate  found  in  the 
filtrate,  there  remains  2.652  g.  (17.282  -  14.73  =  2.552)  which  may  be 
safely  assigned  to  the  other  bi-  and  tri-metals  found  in  the  filtrate. 

That  the  sulphide  of  zinc  is  oxidized  by  the  solution  of  copper  sulphate 
is  practically  certain.  The  remaining  solution  and  the  washings,  chiefly 
containing  Zn  as  sulphate,  are  now  ready  for  the  treatment  as  used  in 
experiment  66. 

Experiment  66. — The  precipitation  of  ZnCOa  from  the  oxidized  solu- 
tion of  ZnS:    500  c.c.  of  this  mixed  solution  was  treated  with  an  excess 

N 
of  -^  solution  of  NaHCOa.  A  very  fine  precipitate  was  formed  imme- 
diately. The  whole  mixture  was  gently  heated  almost  to  boiling;  some 
CO2  was  noted  passing  off  during  the  heating.  The  mixture  was  allowed 
to  cool  and  the  precipitate  was  separated  from  the  liquid  by  filtration. 
The  former  was  washed  until  the  washings  showed  no  sign  of  the  presence 
of  SO4.  It  was  then  dried  in  the  steam  oven  and  cooled  in  the  desiccator 
before  the  precipitate  was  weighed  (1.9884  g.)  and  analyzed.  The 
following  are  the  analytical  results: 

Gram  Per  Cent. 

SiOi 0.0019  0.095 

CaO 0.0367  (  =  Ca,  0.02625)  1.842 

MgO trace  

HtO none  

CO, 0.7105  35.260 

ZnO 1.2470  (»Zn,  1.002)  62.560 

1.98838  99.757 

From  the  above  analysis,  it  may  be  safely  assumed  that  all  the 
chemical  components  present  (except  Si02)  were  in  the  form  of  carbonates, 
since,  by  recasting  for  their  carbonates  it  is  found,  as  shown  below,  that 
the  amoimt  of  CO2  required  by  these  by-metals  (Zn  and  Ca)  is  0.7028  g. 
Namely, 

0.02625  g.  Ca  wiU  form  0.0655  g.  CaCOa  with  0.0288  g.  CO2 
1.0020  g.  Zn  will  form  1.9210  g.  ZnCOs  with  0.6740  g.  CO2 

0.7028  g. 

The  remaining  CO2  (0.0077  g.)  is  probably  in  combination  with  MgO; 
but  the  latter  is  too  small  in  amount  to  be  considered.  The  amount  of 
these  mineral  components  as  carbonates  is  obtained  by  calculation  from 
their  chemical  components.  Their  mineral  component  proportion  may 
be  represented  as  follows: 
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•  Grams  Per  Cent. 

CaCO, 0.0655  3.294 

MgCOs. trace  

ZnCOa ,  1.9210  96.61 

99.904 

Since  there  is  enough  CO2  to  take  care  of  all  the  zinc  found,  and  no  water 
is  present,  and  Si02  is  too  small  in  amount  to  be  ^considered  as  ha\ing 
combined  with  Zn  in  any  way,  the  Zn  compound  is,  beyond  doubt,  a 
normal  carbonate. 

In  another  experiment  a  mixture  of  dilute  solutions  of  bicarbonate 
was  allowed  to  pass  through  a  jar  containing  sphalerite  in  the  manner 
used  for  the  experiments  under  6a.  The  operation  was  continued  for 
two  months,  but  met  with  no  success. 

In  the  light  of  the  above  results,  it  seems  quite  certain  that  ZnCOi 
is  not  formed  direct  from  its  sulphide.  The  sulphide  is  first  oxidized  into 
zinc  sulphate,  and  the  latter  may  migrate  a  short  or  long  distance,  as  the 
case  may  be,  before  the  carbonation  takes  place.  In  the  waters  which 
percolate  through  strata  in  which  ZnS  (sphalerite)  occurs,  the  chemically 
active  compounds  must  be  complex,  and  must  be  provided  with  oxidizing 
material  of  one  kind  or  another.  These  waters  will  doubtless  oxidize 
the  sphalerite  at  an  incipient  stage  to  sulphate.  The  oxidized  part  will, 
according  to  existing  conditions,  probably  be  transported  to  some  other 
place  until  it  meets  an  alkaline  solution  or  solutions  of  alkaline  earths, 
which  in  nature  mostly  contains  soluble  carbonates.  The  deposition  of 
ZnCOj  will  then  take  place,  if  the  metals  like  Pb  or  Cu,  which  will  form 
more  insoluble  carbonates  than  Zn,  are  either  absent  or  very  small  in 
amount.  These  conditions  will  account  for  the  fact  that  both  ZnCOi 
and  ZnS  have  been  found  in  different  horizons  as  if  they  had  no  relation 
to  each  other,  as  in  the  Circle  Mines  at  Oronogo,  Mo.**  and  in  some  zinc 
mines  in  Virginia.*® 

In  case  an  orebody  of  sphalerite  is  attacked  by  a  neutral  solution  of 
sulphates  and  carbonates,  the  sphalerite  may  be  first  oxidized  into  sul- 
phate, especially  when  the  metals  above  zinc  in  Schuermann's  series'^ 
are  present  as  sulphates  in  the  solution,  and  then  immediately  carbonated, 
without  suffering  the  removal  of  any  appreciable  quantity  by  migration. 
This  may  help  to  account  for  the  fact  that  sphalerite  is  sometimes  closely 
associated  with  smithsonite,  and  the  latter  always  grades  downward  into 
the  former. 

4.  The  Reaction  of  Zinc  Sulphate  Solution  with  Limestones. — ^The 

**  The  writer  had  an  opportunity  in  the  summer  of  1913  to  visit  some  of  the 
zinc  mines  in  southwest  Missouri,  particularly  in  the  Joplin  district.  All  the  writer's 
own  field  data  were  obtained  at  that  time. 

*•  T.  L.  Watson.    Bulletin  No.  1,  Geological  Survey  of  Virginia,  p.  45  (1905). 

'0  Liebig's  Annalen  der  ChemiCj  vol.  ccxlvii,  p.  326  (1888). 
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Analysis  of  the  Limestone 


Before  Treatment 


After  Treatment  t 


Grams 


Per  Cent. 


Grams 


Per  Cent. 


I 


Analysis  of  the  Solution 


I       Before 
Treatment 

I 

Grams 


After 
Treatment 


Grams 


SiOi. 


0.0427      0.6521 


AltOj. 
FetOi. 


CaO. 
MgO. 


0.0234 
0.0183 


0.3574 
0.2796 


3.543      54.1200-96.64     I  2.9380 

CaCOj  I 


COt. 
ZnO. 


0.0193 


43.1200-76.93 
CaCOi 


0.2947-  0.6165    0.0156  ,  0.2290-   0.4769 


MgCOi 


2.800     142.7408 


Zn. 


I     MgCOi 
2.7966    41.0400 
0.8800    12.9100-19.9000 
or                          ZnCOs 
0.7071     ' 


CaO 

SOi  2.597 
ZnO 

or 
Zn  1.768 


6.4467 


97.1665 


97.3069 


0.6063-1.472 
/       CaSOi 
2.5967 

1.3200-2.619 
ZnSOi  or 
1.0470      . 


Experiment  8:  With  Impure  Limestone 


Analysis  of  the  Limestone 


Before  Treatment 


After  Treatment 


Analysis  of  the  Solution 


Grams 


Insoluble  and 
organic  mat- 
ter  I  3.432 


Per  Cent. 


Grams 


Per  Cent. 


Before 
Treatment 


Grams 


I 


CaO 


SiOt. . 
AliOi. 
FeiOa. 
CaO.. 


2.406      ' I  MgO 

3.512     I I SO*  2.597 

0.9223 ZnO  1 .768 

13.5200 


MgO 1.9680 


0.3117 
0.1947 
12.751 
trace 


34.26   -61.12 
CaCOi 
4.987-10.42 
MgCOi 


12.380 


1.687 


12.735 


H,0+ 

HiO- 

vyClS.  ...... 

MnO 

NaiO 0.1270 

KaO 0.325 

ZnO I j     2 .  201 

Zn I '     1.750 


34.4697  I  71.54 


31.37-55.94       I 
CaCOi 
4.275-8.933 
MgCOi 


7.158-11.03 

ZnCOi 


After 
Treatment 


Grams 


1.16 

0.2813 

2.597 


•  This  limestone  was  obtained  by  Dr.  C.  P.  Berkey  from  Rockland.  Dr.  Berkey 
gave  CaCOi,  96.45,  and  MgCOi,  0.12  per  cent,  in  one  case;  and  CaCOs,  94.9  and 
MgCOsy  20  per  cent,  in  the  other. 

t  H»0  and  organic  matter  was  not  determined.     Only  carbonates  determined. 
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N 
solution  of  zinc  sulphate  used  in  the  following  experiments  is  all  .^' 


that  is,  4.365  g.  ZnS04  or  1.768  g.  metallic  zinc  in  every  1,000  c.c.  The 
limestones  used  were  analyzed  before  and  after  the  treatment,  which  in 
each  case  was  kept  going  for  a  period  of  foiir  months  in  a  closed  bottle, 

to  which  air  was  occasionally  admitted  through  a  side  tube.    In  each 

■    N 
case  a  definite  weight  of  limestone  was  treated  with  1,000  c.c.  ^q  ^^^' 

tion  of  ZnS04.  At  the  end  of  four  months  the  limestone  in  each  case  was 
found  to  have  been  covered  with  a  white  thin  cpat  which,  upon  drying, 
appeared  to  be  somewhat  powdery,  and  which  was  ZnCOs  as  shown  in 
the  respective  analyses  recorded  on  preceding  page. 

From  the  above  analyses,  it  is  shown  that  in  the  case  of  crystalline 
limestone,  only  two-thirds  of  the  zinc  was  precipitated  as  ZnCOj,  while 
with  the  impure  limestone,  zinc  is  entirely  absent  in  the  sulphate  solution 
after  the  treatment.  These  apparent  diflferences  from  the  treatment  of 
two  diflferent  limestones  with  the  same  solution  of  ZnS04  are  beUeved 
to  be  due  to  the  presence  of  organic  matter,  which  is  common  in  impure 
limestone. 

It  is  further  shown  that  carbonates  of  both  magnesium  and  calcium 
can  be  replaced  by  zinc  under  the  conditions  described  above. 

In  another  experiment  with  the  impure  Umestone,  minute  particles 
of  what  appeared  to  be  ZnS  could  be  seen  with  the  aid  of  a  powerful  lens. 
Such  precipitation  of  the  zinc  as  sulphide,  by  commingUng  of  the  oxidizing 
and  reducing  solutions  in  limestones,  is  not  only  possible,  but  also  prob- 
able, according  to  some  geologists,  notably  Dr.  Buckley,'^  in  his  studies 
of  the  origin  of  zinc  sulphide  in  the  Joplin  district.  The  evidence  that 
these  minute  particles  were  ZnS,  was,  however,  not  conclusive,  for  the 
reason  that  it  was  difficult  to  separate  them  from  the  whitish  coating 
of  zinc  carbonate.  An  attempt  was  made  to  prepare  thin  sections,  but 
the  replaced  material  was  too  soft  for  grinding. 

C.  Peculiar  Conditions  Affecting  the  Formation  of  Zinc  Silicate  {Ccda- 

mine)  and  Zinc  Carbonate 

5a,  The  Effect  of  Carbon  Dioxide  upon  the  Basic  Silicate  and  the  Carbon- 
ates of  Zinc  in  Watery  and  its  Bearing  upon  the  Conditions  of  their  Precipi- 
tation.— Hydrous  silicate  of  zinc'*  has  long  been  known  to  be  soluble  in 
water  in  presence  of  CO2  gas,  but  no  one  has  attempted  to  explain  in 
the  light  of  modern  chemistry  the  bearing  of  the  latter  upon  the  forma- 
tion of  this  silicate  and  the  association  of  the  silicate  with  carbonate  of  the 


"  E.  R.  Buckley.    Types  of  Ore  DepositSy  pp.  103  to  132. 

"  In  1849,  Victor  Monheim  made  his  quantitative  determination  of  line  silicate 
by  dissolving  it  in  water  in  presence  of  carbon  dioxide.  Verhandlungen  des  Natur- 
historiachen  VereiuSj  vol.  vi,  pp.  1  to  24. 
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same  metal.  The  following  experiments  were  undertaken  in  this  con- 
nection. 

EocperimerU  9a. — 5  g.  of  pure  calamine  from  the  vicinity  of  Chihuahua, 
Mexico,  secured  from  the  collection  of  ores  in  the  Department  of  Geology 
at  Columbia  University,  were  powdered  until  they  passed  100-mesh  sieve. 
This  amount  was  mixed  with  1  liter  of  water  in  a  2-liter  flask.  A  stream 
of  carbon  dioxide  was  allowed  to  pass  through  for  80  hr.,  with  occasional 
shaking  of  the  contents.  The  mixture  was  filtered  and  a  residue  collected 
and  washed  before  it  was  dried  in  the  oven.  The  washings  were  added  to 
the  filtrate,  which  was  perfectly  clear.  After  being  dried  in  the  oven  and 
cooled  in  the  desiccator,  the  residue  was  weighed  at  3.48  g.  For  con- 
venience it  is  designated  as  first  residue. 

The  filtrate  was  heated  to  boiling  for  about  half  an  hour  in  order  to 
drive  oflf  the  CO2  completely.  A  fine  precipitate  came  down,  which  was 
also  filtered,  washed  and  dried  in  the  oven.  Its  weight  was  found  to 
be  1.462  g.  It  is  designated  as  second  residue.  There  is  a  loss  of  0.012  per 
cent,  due  to  manipulation. 

By  analysis  these  residues  yielded  respectively: 

First  Residue  Grama         Per  Cent.      gX"*  ?|?^Sk 

ZnO 2.3480     67.48       0.9868     67.50 

SiOj 0.8714     25.03       0.3661     25.03 

H,0 0.2597       7.463     0.1091       7.461 

99.973   .  99.991 

That  the  hydrated  silicate  of  zinc  is  soluble  in  water  in  presence  of 
enough  carbon  dioxide,  and  that  the  same  silicate  can  be  reconverted  into 
its  solid  form  from  such  solution  by  raising  the  temperature,  there  is  no 
doubt.  It  is  also  believed  that  the  carbon  dioxide  does  not  combine  with 
zinc  to  form  some  such  soluble  compound  as  bicarbonate  of  zinc,  for  the 
H2O  in  the  zinc  silicate  is  basic,'^  and  if  bicarbonate  were  formed,  zinc 
carbonate  would  come  down  as  precipitate  when  the  CO2  was  driven  ofif 
by  heating.  Thus  the  carbon  dioxide  merely  exerts  it^  influence  as  a 
catalytic  agent  in  carrying  the  silicate  of  zinc  into  solution,  without  affect- 
ing any  change  in  its  molecular  combination. 

Experiment  96.— The  next  question  is  whether  or  not  an  impure 
calamine,  that  is  a  mixture  of  zinc  silicate  and  zinc  carbonate  with  carbon- 
ates of  some  other  bi-metals  will  also  become  soluble  in  water  in  excess  of 
carbon  dioxide  as  shown  in  each  individual  case.  For  this  purpose  a 
piece  of  impure  calamine,  obtained  from  a  miner  in  Joplin,  Mo.,  was 
chosen  for  the  experiment, 

In  order  to  know  the  exact  contents,  3.259  g.of  the  powdered  material 
from  the  specimen  were  analyzed,  with  the  following  results : 

•*Dana.    System  of  -  Mineralogy  f  Sixth  Edition,  p.  548. 


1990 


THE   FORMATION   OP  THE   OXIDIZED   ORES   OF   ZINC 


Chemical  Components 


SiOa. . 

FeO.. 
CaO.. 

MgO.. 

CO2.. 

ZnO.. 

H,0.. 

Na&K 

MnO. 

PsOs.. 


Grams 

0.6622 

0.0377 

trace 

0.0772 

0.0376 

0.3673 

2.0110 

0 . 1758 

trace 

trace 

none 


Mineral  Components 


Per  Cent. 


17.300 
1.160 

2.375 

1.157 
11.310 
61.870 

5.409 


Calamine 
Zinc  carbonate 
Calcium  carbonate 
Magnesium 

carbonate 

Limonite  . . . . 


Grama 


2.2470 
0.7632 
0.1378 


0.0786 
0.0443 


Per  Cent. 


69.130 
23.480 

4.240 
2.418 
1.363 


3.2688 


100.581 


100.631 


An  equal  amount  (3.259  g.)  of  this  material  was  taken  for  the  treatment 
in  the  experiment,  which  was  in  every  respect  the  same  as  in  the  last  case. 
At  the  end  of  the  experiment,  the  mixture  was  filtered.  Upon  boiling 
the  filtrate,  as  before,  a  heavy  precipitate  collected.  After  being  dried  in 
'  the  oven  and  cooled  in  the  desiccator,  it  was  found  to  weigh  2.522  g.  and 
yielded : 


Chemical  Components 


Grams    I  Per  Cent.     Per  Cent. 


Mineral  Components 


Grams 


Per  Cent,    i  Per  Qent 


SiOa !  0.4109 

FejO, 0.0107 

FeO  j 

CaO 10.0411 

MgO 0.0341 

COa 10.3261 


16.2900 
0.4243 

1.6290 
1.3520 


12.6400  jCalamine '  1 .6412 

1 .2650  Zinc  carbonate.'  0.7311 


1.0490  I  CaCOs 


0.0734 


0.3293 'MgCO, 0.0713 

13.2000    10.0300  iLimonite 0.0126 


ZnO 11.5825163.2800    48.7000 

H,0 0.12431    4.9280      3.8230 


2.5297 '99.1033  I  77.8363 


65.0700 
28.9900 

2.9110 
2.8280 
0.4997 


50.4900 
22.5000 

2.2500 
2.1940 
1.3377 


2.5296;  100.2987  1  77.8297 


The  chemical  components  were  calculated,  by  recasting,  into  mineral 
components  for  the  purpose  of  finding  the  exact  amount  of  each  mineral 
component  dissolved  in  water  in  presence  of  the  carbon  dioxide.  Its 
percentage  was  then  recalculated  (column  3)  on  the  basis  of  the  original 
weight  of  the  material  used  in  the  experiment. 

By  comparing  the  figures  in  column  3  with  the  mineral  percentage  in 
the  analysis  of  the  specimen  it  can  be  readily  seen:  (1)  that  in  the  presence 
of  carbon  dioxide,  nearly  all  thQ  carbqjx^tes  in  th.Q  specimen  were  carried 
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into  solution;  (2)  that  the  zinc  carbonate  was  almost  entirely  dissolved; 
and  (3)  that  a  much  greater  percentage  of  zinc  silicate  was  dissolved  from 
the  impure  specimen  than  from  the  pure  one  used  in  experiment  la. 
It  is,  therefore,.plausible  that  the  presence  of  the  impurities  in  the  speci- 
men, particularly  ZnCOa,  must  have  exerted  some  influence  upon  the 
solution  of  the  zinc  silicate.  It  is  at  least  suggestive  that  the  molecules 
of  ZnCOs,  which  were  present  with  those  of  the  hydrous  silicate  of  zinc 
in  the  material  used,  would  attract  molecule  by  molecule  the  components 
of  the  silicate  in  water  under  the  influence  of  carbon  dioxide,  but  would  not 
necessarily  effect  any  change  in  their  respective  molecules  or  molar- 
volumes,  since  their  equilibrium  remains  the  same  in  the  aqueous  state 
under  the  above  conditions. 

56.  The  Reactions  of  Solutions  of  Soluble  Silicate  with  Calamine  and 
Smithsonite  in  SioliUion  in  Presence  of  Carbon  Dioxide, — Since  the  excess 
of  carbon  dioxide  can  hold  both  silicate  and  carbonate  of  zinc  in  solution, 
the  qilestion  arises  as  to  what  peculiar  effect  will  be  produced  when  a 
silicate  solution  is  introduced  into  such  a  mixture.  That  is  to  say, 
whether  the  basic  silicate  can  be  broujght  about  by  means  of  a  soluble 
silicate  solution  from  a  solution  of  zinc  carbonate  and  zinc  silicate  made 
by  dissolving  the  latter  two  under  the  influence  of  carbon  dioxide. 

It  has  long  been  known  that  silicon  dioxide  may  replace  carbon  dioxide 
when  heated  with  an  alkaline  carbonate,^*  and  inasmuch  as  this  property 
of  silicon  dioxide  may  have  direct  bearing  on  the  origin  of  zinc  silicate  in 
association  with  zinc  carbonate  such  as  frequently  found  in  zinc  mines, 
the  study  of  its  precipitating  capacity  was  undertaken. 

Experiment  10. — 4  g.  of  finely  powdered  calamine  obtained  from 
Chihuahua,  Mexico,  and  4g.  of  chemically  pure  zinc  carbonate  were 
mixed  together.  The  mixture  (8  g.  altogether)  was  then  digested  in 
1,000  c.c.  water  under  the  influence  of  carbon  dioxide,  which  was  allowed 
to  pass  slowly  (one  bubble  for  every  three  seconds)  through  the  mixture 
for  a  period  of  50  hr.  At  the  end  of  this  period,  the  mixture  was  filtered 
and  a  residue,  which  for  clearness,  will  be  designated  as  residue  X,  was 
removed.  It  was  dried  in  the  steam  oven  and  weighed  3.9692  g.  By 
analysis  the  residue  X,  yielded: 


Grama 


Per  Cent. 


Molecular 
Weight 


Molecular 
Hatio 


Molecular 
Proportion 


SiO, 

0.6380 
0.6387 
0.1603 
0.6310 

13.550 

16.090 

4.033 

66.300 

60.4 
44.0 
18.0 
81.4 

0.2244] 
0.3656  [ 
0.2241  J 
0.8145 

COa 

3 

H,0 

ZnO 

3 

3.9680 

99.973 

•*  Alex.  Smith.    General  Inorganic  ChemUtryj  p.  519. 
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The  filtrate,  after  the  removal  of  the  residue  X,  was  treated  with  an 
excess  of  dilute  solution  of  NasSiOs.  A  gelatinous  precipitate,  designated 
as  precipitate  Y,  immediately  collected  and  was  filtered  oflF,  dried  in  the 
steam  oven,  and  weighed,  after  being  cooled  in  the  desiccator,  2.3763  g. 

As  shown  by  the  analytical  results  recorded  below,  it  is  certain  that 
the  gelatinous  precipitate  is  not  calamine  (2ZnO.SiO2.H2O),  but  is  a 
different  substance,  which  according  to  the  molecular  proportions  of  the 
chemical  components,  as  shown  below,  may  be  called  zinc  meta-sllicate 
(ZnSiOs  or  ZnO.SiOs).  The  following  is  the  analysis  of  the  precipi- 
tate Y: 


SiO,. 
H2O. 
ZnO* 


GramB 

1.0120 
0.0003 
1.3610 


Per  Cent. 

42.600 
0.012 

57.280 


Molecular 
Weight 


60.4 
18.0 
81.4 


Molecular 
Ratio 


0.705300 
0.000667 
0.703800 


Molecular 
Proportion 


1 
0 
1 


2.3733 


99.892 


7038  :  0.7053:  =1:1=  ZnO  :  SiO,  =  ZnSiO,. 

The  filtrate  from  the  precipitate  Y  was  colloidal.  It  was  heated  to 
boiling  for  half  an  hour  until  CO2  was  no  longer  given  oflF.  During  the 
heating,  a  precipitate  collected  as  expected.  After  being  cooled,  the 
precipitate  was  removed  by  filtration  from  the  colloidal  solution  and  was 
washed  with  distilled  water.  It  was  dried  in  the  oven  and  cooled  in  the 
desiccator,  and  weighed  1.9747  g.  For  clearness,  it  will  be  designated 
as  precipitate  Z,  from  which  were  obtained : 


,            I  Grams 

^  — 

SiO, ;  0.4634 

H,0 0,1381 

ZnO '  1.2490 

A   gelatinous    resi-i 

due '  0.1235 


Per  Cent. 

23.470 

6.993 

63.240 

6.253 


Molecular 
Weight 


60.4 
18.0 
81.4 


•| 


Molecular 
Ratio 


0.3886 

0.3885 
0.7769 


Molecular 
Proportion 


1 

1 

2 


1 . 9740 


99.956 


0.7769  :  0.3886  :  0.3885  =  2:1:1=  2ZnO.Si02.H,0. 

From  the  molecular  proportions  of  X,  it  can  be  readily  seen  that  the 
residue  consists  of  silicate  and  carbonate  of  zinc,  as  the  undissolved  por- 
tions of  their  original  amount,  or  the  proportion  of  the  oxide  of  zinc  is 
almost  equal  to  the  sum  of  those  of  the  other  three  components,  namely 

*  Zn  in  this  case  was  determined  as  pyrophosphate  and  ZnO  was  calculated  from  the 
molecular  formula  of  ZuiPsO?  and  found  to  contain  1.082  grams  metallic  zinc. 


THE  FORMATION   OP  THE   OXIDIZED   ORBS   OF  ZiNC  1993 

0.2244  +  3.656  +  0.2241  =  8145  -  4  (to  be  exact)  or  the  amount  of 
SiOs,  CO2,  and  H2O  =  the  amount  of  ZnO. 
Thus   3ZnO    =  SiOa  +  CO2  +  H2O  or 

3ZnO  +  SiOa  +  CO2  +  H2O  =  2ZnO.SiO2.H2O  +  ZnO.C02  (or  ZnCOa) 

On  the  basis  of  the  original  amounts  used  at  the  beginning  of  the  ex- 
periment and  by  means  of  their  molecular  proportions,  it  is  found  that 
the  residue  X  constitutes  2.151  g.  or  53.966  per  cent,  of  hydrous  silicate 
of  zinc  and  1.82  g.  or  45.5  per  cent,  of  the  normal  carbonate  of  zinc  as 
representing  the  undissolved  portions  from  their  original  amounts;  that 
from  the  precipitate  (Z)  were  recovered  1.851  g.  or  46.27  per  cent,  the 
original  hydrous  silicate  of  zinc.  In  other  words,  no  change  has  taken 
place  in  the  hydrous  silicate  of  zinc,  so  far  as  its  amount  and  chemical 
combination  are  concerned,  whereas  the  amount  of  zinc  carbonate  (its 
original  weight  is  4  g.)  left  in  the  residue  X  is  only  1.82  g.  or  45.5 percent, 
of  the  original  amount.  Its  remainder  (theoretically  2.18  g.  or  54.5 
per  cent.)  has  undoubtedly  contributed  to  the  precipitation  of  the  meta- 
silicate  of  zinc,  the  precipitate  Y,  as  will  be  shown  in  the  following: 

GramB 

The  original  weight  of  ZnCOs 4.000 

The  amount  left  in  residue  X 1 .8200 

The  amount  lost 2.1800 

According  to  its  molecular  weight,  2.18  g.  ZnCOa  contain  1.137  g. 
metallic  zinc,  and  if  this  theoretical  amount  had  all  been  precipitated  out 
as  zinc  meta-silicate,  there  would  be  2.464  g.  ZnSiOj  as  against  the  actual 
value  of  2.376  g.  (2.3763  -  0.0003  =  2.376).  The  diflference  between 
the  two  is  about  3.5  per  cent.,  which  is  evidently  lost  in  the  course  of 
manipulation. 

From  these  results,  it  is  clear  that  zinc  carbonate  may  be  replaced 
by  a  solution  of  soluble  silicate  to  form  zinc  silicate,  but  empirically,  this 
compound  in  no  way  resembles  calamine,  since  the  water  is  not  present 
in  sufficient  amount.  The  water,  in  the  case  of  true  calamine,  would 
constitute  one-half  of  the  molecular  proportion  of  the  oxide  of  zinc  as 
required  by  the  formula,  2ZnO.SiO2.H2O. 

It  is  also,  however,  a  recognized  fact  that  the  water  contained  in 
calamine  is  basic  and  the  mineral  is  probably  a  basic  meta-silicate  of  zinc. 
For  this  reason,  its  formula  may  be  represented  by  Zn(pH)2.ZnSi08  in 
place  of  2ZnO.SiO2.H2O.     (See  the  experiment  under  6.) 

6.  The  Reactions  of  a  Mixture  of  Hydroxide  and  Silicate  of  Sodium 
with  a  Dilvie  Solution  of  Zinc  Sulphate, — From  the  above  suggestions  it 
may  be  readily  inferred  that  a  mixture  of  Na2Si03  and  NaOH  will  precipi- 
tate some  such  compound,  partly  as  zinc  hydroxide,  and  partly  as  meta- 
silicate,  from  a  dilute  solution  of  a  zinc  salt.     The  following  experiment 
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was  designed  in  an  attempt  to  demonstrate  these  suggestive  properties 
of  the  mineral  under  discussion. 

Experiment  11. — 2,000  c.c.  of  very  dilute  solution  of  ZnS04  (1.61  g. 
ZnS04  per  liter)  were  treated  with  an  equally  dilute  mixture  of  NajSiO^ 
and  NaOH  in  excess.  A  rather  heavy  flocculent  precipitate  gradually 
collected.     The  amount  obtained  was  2.412  g.  and  yielded: 

Chemical  Components  Mineral  Componentu 

Per  Cent.  Per  Cent. 

HjO 7.463  ZnSiO, 58.83 

SiO, 26.020  Zn(OH)2 41.21. 

Zn 64.180  =  67.47  ZnO 


99.963 


99.95 


According  to  this  analysis,  the  amount  of  zinc  in  the  precipitate  was 
1.307  g.,  as  against  1.308  g.  originally  present  in  2,000  c.c.  of  ZnS04 
solution.  By  recasting  from  its  chemical  components,  it  is  found  that 
there  are  1.4174  g.  as  zinc  meta-silicate  (ZnSiOs)  ,and  0.994  g.  as  zinc 
hydroxide  or  58.83  per  cent.  ZnSiOs  and  41.21  per  cent.  Zn(0H)2.  If 
we  consider  the  precipitate  obtained  in  this  way  as  a  single  compound, 
the  writer  sees  no  objection  to  writing  ZnSiOa.Zn(OH)2  for  the  chemical 
composition  of  calamine  as  a  makeup  of  one  part  hydroxide  and  one  part 
meta-silicate,  since  neither  of  the  formulae,  2ZnO.SiO8.H2O  and  (ZnOH)2- 
SiOs,  given  in  Dana's  Mineralogy,  has  any  greater  claims  to  being  repre- 
sentative. It  is  far  from  safe,  however,  to  regard  this  amorphous  precipi- 
tate, as  true  calamine,  for  the  reason  that,  with  the  exception  of  its  index 
of  refraction  (very  close  to  1.62)  no  optical  confirmations  could  be  ob- 
tained from  it. 

In  spite  of  this  lack  of  suflScient  optical  evidences,  however,  there  is 
reason  to  believe  that  calamine  in  nature  is  probably  built  up  by  steps  as 
meta-silicate  and  hydroxide  in  their  incipient  stages,  through  some  natural 
influence  or  condition,  producing  a  continuous  alternation  in  the  forma- 
tion of  this  mineral,  which  we  are  not  able  to  imitate  in  the  chemical 
laboratory.  Since  even  a  very  dilute  solution  of  soluble  silicate  (NasSiOs) 
and  zinc  salts  always  gives  an  amorphous  precipitate  at  the  ordinary  tem- 
perature and  pressure,  and  since  amorphous  calamine  is  not  encountered 
in  nature,  the  writer  is  constrained  to  believe  that  the  natural  calamine 
must  have  crystallized  very  slowly  from  very  dilute  siliceous  solutions. 

D.  High  Temperature  Methods 

7a.  The  Influence  of  Temperature  on  the  FormxUion  of  Calamine, — 
Experiment  12 :     In  connection  with  the  preparation'^  of  willemite  accord- 

'*  The  writer  desires  to  thank  R.  J.  Moore  of  the  Department  of  Chemistry  at 
Columbia  University,  most  heartily  for  placing  at  his  disposal  the  apparatus  without 
which  it  would  have  been  impossible  to  conduct  satisfactorily  any  of  these  exjwriinents, 
and  to  C.  J.  Morrell  for  kind  assistance. 
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ing  to  M.  Gorgeu's  method,'*  the  writer  succeeded  in  obtaining  minute 
crystals  of  calamine  instead,  by  treating  a  mixture  containing  one  part 
of  H4Si04  and  30  parts  of  one  equivalent  of  Na2S04  and  one-half  equiva^ 
lent  of  ZnSOi.     In  these  experiments  only  anhydrous  Na2S04  and  ZnS04 
were  used.     Various  amounts  (from  one-half  to  one  equivalent)  of  the 
latter  compound  in  different  experiments  were  tried,  but  one-half  equiva- 
lent of  ZnS04  with  one  equivalent  of  Na2S0i  in  30  parts  of  these  two 
compounds,  is  the  suitable  amount.     All  three  con4>ounds,  well  mixed  in 
a  porcelain  crucible  made  for  high-temperature  work,  were  first  heated 
over  a  Bunsen  burner;  and  when  the  fusion  began,  the  crucible  was 
transferred  to  the  "  asbestos  nest"  built  in  an  iron  vessel,  which  was  placed 
in  the  middle  of  an  assay  furnace  previously  heated.     By  so  doing  the 
temperature  inside  of  the  "asbestos  nest"  maybe  easily  kept'at  or  below 
900®C.  (this  was  measured  by  a  LeChatelier  thermo-couple  pyrometer, 
protected  by  a  long  porcelain  tube,  which  was  inserted  vertically  into  the 
"nest")  in  order  to  prevent  any  zinc  from  volatilization  during  the 
fusing,  while  the  temper^ure  outside  the  iron  vessel  is  probably  over 
1,000°C.    The  heating  in  this  was  continued  from  one-half  to  one  and 
one-half  hours.    If  the  porcelain  crucible  is  transferred  into  the  furnace 
without  using  the  "asbestos  nest,"  the  results  are  comparatively  poor 
and  indicate  the  volatilization  of  zinc  by  the  sudden  increase  of  tem- 
perature and  quick  fusion.     In  this  case  the  odor  of  SO2  is  quite  notice- 
able near  the  furnace.     On  the  other  hand,  it  has  been  experimentally 
shown  that,  when  the  fusion  is  quite  complete,  if  the  "asbestos  nest" 
is  used,  the  temperature  may  be  raised  to  1,300°C.  or  1,400°C.  without 
noticeable  volatilization  of  zinc. 

After  the  melt  had  been  kept  in  the  furnace  for  half  an  hour  or  more, 
the  fused  mass,  which  usually  became  covered  with  a  thin  yellowish  and 
sometimes  greenish  sheet,  was  placed  directly  in  boiling  water.  This 
boiling  water  treatment  causes  solidification  and  usually  gives  a  green 
surface  to  the  solid  niiass,  especially  alohg  the  edge.  If  the  mass  has  been 
heated  too  long  in  the  furnace,  the  solution  from  the  boiling  water  usually 
shows  a  basic  reaction;  if  under-heated  the  reaction  with  litmus  paper  is 
neutral.  By  heating  in  the  furnace  from  half  to  one  hour  in  the  "  asbestos 
nesf  as  described  above,  we  secure  the  best  results. 

After  the  fused  mass,  solidified  in  the  boiling  water,  had  been  cooled, 
the  contents  were  taken  out  with  a  knife  and  boiled  in  distilled  water 
for  a  long  time  in  order  to  remove  any  sulphates  crystallized  out  on  the 
sudden  cooling.  The  desired  silicate,  if  formed,  would  remain  insoluble 
either  in  masses  or  in  crystals.  This  is  found  to  be  true,  but  in  each 
case  the  crystals  of  the  siUcate,  as  proved  below,  are  very  minute  and  are 
so  small  in  amount  that  it  is  difficult  to  separate  them  from  the  greenish 

'•  BnUetin  10,  SocieU^  Francaise  de  Mineralogiej  pp.  30  to  39. 
I  17 
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Fio.  4. — MiCROPHOToaRAPHB  OF  THE  Crdbhed  Fraohents  from  the  Synthbtic 
Ceistals  op  Calamine  Produced  bt  Heat  prom  a  Chemical  Mixture. 
No.  1,  magnified  215  diametera,  croased  nicoU.     No.  2,  magnified  25  diameters, 
plain  light. 


THE   FORMATION   OF  THE   OXIDIZED   ORES  OF   ZINC 


1997 


fine  residues  which  equally  remain  insoluble  and  which,  by  qualitative 
tests,  gave  SiOs,  Zn,  and  water  vapor. 

These  minute  crystals  of  the  silicate  are  different  in  shape  and  may  be 
divided  into  two  kinds,  respectively  white  and  light  green  in  color. 
The  white  ones  are  more  or  less  tabular  in  form  and  fibrous  in  structure, 
while  the  green  ones  seldom  show  any  definite  crystal  outline.  There  is 
no  difference  in  their  chemical  composition,  but  optically  the  white  silicate 
is  positive,  whereas  the  green  is  negative  though  both  give  biaxial  inter- 
ference figures. 

As  suggested  by  Mr.  Colony,  Professor  of  Mineralogy  and  Geology 
in  Cooper  Union  in  the  City  qf  New  York,  the  white  crystals  which  are 
optically  positive  and  biaxial  may  be  regarded  as  m  calamine;  the  green 
ones  which  are  optically  negative  and  biaxial,  may  be  considered  as  n 
calamine.  The  latter  probably  represents  a  transitional  stage  in  the 
formation  of  calamine  proper.  It  is  further  thought  that  such  variation 
is  not  uncommon  in  the  behavior  of  many  minerals.  Experience  shows 
that  a  mineral  may  under  special  conditions,  change  even  its  system  as  in 
case  of  leucite'^  which  cannot  remain  isometric  below  560°C. 

The  following  are  the  results  obtained  from  the  microscopic  examina- 
tions (see  Fig.  4) : 


i  White  Crystal 

I 

Shape '  Elongated 

Color  (transmitted  light)      I  Light  bluish 

Indices  of  refraction 1 .63 

Extinction Parallel 

Extinction  angles SS^-QC* 

Birefringence <0.04 

Elongation -f 

Interference  figure Biaxial 

Optical  sign + 


Green  Cryetal 

Lath  shaped  and  elongated 
Light  greenish 

1.61 
Parallel 
Mostly  90** 

>0.06 

Biaxial 


The  following  are  the  chemical  analyses  of  the  respective  silicates: 


Per  Cent. 


White 


Molecular 
Weight 


HiO  I  7.467 
SiOs  24.990 
ZnO   ,   67.480 


18.0 
60.4 

81.4 


Molecular 
Ratio 


0.4143 
0.4137 
0.8289 


I  Per  Cent. 

I 

HiO  I  6.825 
SiOj  ]  25.030 
ZnO    1  67.603 


Green 


Molecular 
Weight 


18.0 
60.4 
81.4 


Molecular 
Ratio 


0.3792 
0.4144 
0.8292 


The  molecular  proportion  of  water  for  the  green  silicates  is  about 
0.82  per  cent,  lower  than  what  is  theoretically  required,  but  this  difference 


^  N.  H.  and  A.  N.  WinchelL     Elements  of  Optical  Mineralogy,  p.  275  (1909). 
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is  eo  small  that  it  may  be  safely  attributed  to  the  manipulatioa.  Aside 
from  this,  either  silicate  has  the  following  relation,  viz.  HjO  =  1,  SiOi  = 
1,  ZnO  =  2.  In  other  words  these  silicates  or  crystals  have  the  formula 
2ZnO.SiOs.HjO,  or  (ZiiOH),SiO,  or  Zn(OHi).ZnSiO,  (as  suggested  by  the 
writer  in  an  earlier  paragraph).  The  question,  which  is  the  correct 
formula,  remains  to  be  determined,  and  ia  hardly  within  the  province  of 
this  work. 

From  these  chemical  and  microscopic  results  it  is  clear  that  the  crystals 
obtained  under  the  conditions  described  above,  are  hydrous  silicate  of 


FlO.    5. MlCROPHOTOOHAFH  OF  THE  CrUSEIED  FRAGMENTS  PROU  THE  FuBED  NATURAL 

Calamine. 
These  are  some  of  the  fragments  showing  the  tendency  of  rearranging  their  mole- 
cules. Under  highpower  some  of  the  very  minute  hexagooal  crystals  in  the  fragments 
are  well  shown.  This  is  no  doubt  due  to  the  influence  of  heat,  but  these  newly  re- 
arranged crystals  are  too  minute  to  show  on  photograph.  Magnified  215  diameters. 
Cross  nicols. 

zinc  or  mineralogically  a  calamine  instead  of  M.  Gorgcu's  willemite  which 
is  an  anhydrous  silicate  of  the  same  metal,'  The  water  content*'  of  the 
crystals,  under  our  chemical  examination,  did  not  pass  off  until  heated 
above  the  Meeker  burner  with  a  strong  flame.  From  these  experiments 
the  writer  concludes:  (1)  that  M.  Gorgeu  probably  mistook  the  hydrous 
silicate  for  the  anhydrous  silicate  of  zinc  by  neglecting  its  water  content 
(of  which  he  made  no  mention  in  the  chemical  analysis  of  his  product, 

"According  to  Fock,  "the  water  goes  off  only  at  a  red  heat,  the  mineral  being 
unchanged  at  340°C.    Dana.    Syatem  of  Mineralogy,  Sixth  Edition,  p.  648. 
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and  his  optical  description  is  rather  insufficient) ;  and  (2)  that  he  probably 
took  natural  calamine  instead  of  willemite  (in  some  instances  these  two 
minerals  resemble  each  other  and  are  difficult  to  distinguish,  especially 
when  they  are  wholly  white,  and  exhibit  similar  radial  structure — as 
indeed  is  rare,  yet  occurs  in  some  of  the  white  willemite  from  Franklin 
Furnace,  N.  J.)  for  comparison  with  his  synthetic  product,  since  he 
declared  that  the  elongation  of  his  crystals  was  parallel  to  c — which  is  one 
of  the  cominon  characteristics  of  most  of  the  fragments  from  the  crystals 
obtained  by  the  writer,  and  which  is  very  common  with  natural  calamine 
as  well  as  willemite  in  thin  sections.  It,  therefore,  cannot  be  used  as  a 
criterion  for  the  determination  of  either  mineral. 

In  one  respect  this  synthetic  work  on  calamine  may  seem  to  some  of 
the  geologists,  to  be  inadequate,  namely  the  temperature  and  the  boiling- 
water  treatment  of  formation.  Field  observation  points  to  ordinary  tem- 
perature. Doubtless,  it  would  be  highly  desirable  to  obtain  similar 
crystals  of  calamine  at  ordinary  temperatures.  It  must  be  remembered, 
however,  as  pointed  out  some  time  ago  by  well-known  geo-chemists, 
'Hhat  there  is  nothing  in  our  knowledge  of  the  minerals  to  indicate  any- 
thing more  than  continuous  changes  in  the  necessary  conditions  as  the 
temperature  falls.''  It  must  also  be  admitted  that  to  imitate  a  process 
in  nature  will  be  always  more  or  less  a  matter  of  extrapolation. 

7b,  Possible  Effect  of  Heat  on  Calamine  and  Smithsonite. — Experi- 
ment 13. — It  is  known  that  artificial  zincite  and  willemite  occur  in  furnace 
slags  and  in  iron  and  lead  furnaces  from  the  ores  carrying  zinc.  It  has 
been  suggested  by  Dr.  Kemp  that  the  ores  of  zinc  at  Franklin  Furnace 
and  Ogdensburg,  N.  J.,  are  "the  result  of  metamorphism."  This  sug- 
gestion led  the  writer  to  investigate  the  effect  of  heat  on  calamine  and 
smithsonite.  The  experiments  described  below  are  of  very  simple 
character,  consisting  of  only  four  steps:  - 

1.  Fusion  of  the  Natural  Specimens  of  Calamine  and  Smithsonite. — 
Mere  heating  in  a  good  gas  furnace,  does  not  produce  any  result  beyond 
driving  off  H2O  from  calamine  and  CO2  from  smithsonite.  The  resultant 
products  are  usually  crumbly  and  brittle,  although  they  still  retain  the 
original  structures.  No  optical  change  was  observed!  It  is  worthy  to 
note,  however,  that  when  water  is  driven  off  from  calamine  by  heating, 
the  product  shows  the  fluorescent  property  which  is  commonly  used  in 
testing  willemite  at  Franklin  Furnace,  N.  J.  The  writer  obtained  the 
fluorescence  by  burning  ^'magnesium  ribbons''  before  the  sample. 

The  results  of  fusion  are  quite  different.  The  H-0  flame  was  em- 
ployed for  the  fusion,  and  the  fused  mass  was  cooled  slowly  in  each  case 
in  the  neighborhood  of  the  flame.  Fragments  of  the  fused  portions  of  the 
resi>ective  minerals  were  mounted  on  slides. 

2.  Examination  under  the  Microscope. — The  fused  fragments  from 
smithsonite  gave  uniaxial  positive  properties  indicating  a  change  in  op- 
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tical  sign,  since  for  smithsonite,  the  optical  sign  is  negative.  (Out  of 
hundreds  of  fragments  only  a  few  showed  this  change  the  rest  were  over- 
fused  and  became  cloudy  under  the  microscope.)  With  the  fused  cala- 
mine, some  difficulties  were  experienced,  but  the  writer  succeeded  in 
finding  some  fragments  showing  uniaxial  positive  properties,  indicating 
that  the  mineral  had  changed  its  interference  figure;  since  for  calamine, 
the  interference  figure  is  biaxial.  It  was  also  observed  under  the  micro- 
scope in  some  fragments  that  the  calamine  was  completely  changed  being 
fully  composed  of  minute  six-sided  crystals.  This  seems  to  indicate  the 
molecular  change  by  recrystallization  to  willemite. 

3.  Chemical  Analysis. — ^These  analyses  do  not  demonstrate  that  the 
fused  specimens  are  molecularly  changed;  they  merely  indicate  the  H2O 
and  CO2  are  absent  after  the  heat  treatment. 


SiO, 
ZnO 
H,0 


Per  Cent. 
27.06 

72.93 
None 


Fused  Calamine 


Molecular 
Weight 


60.4 
81.4 


Molecular 
Ratio 


0.4584 

0.8960 


Fused  Smithaonite 


Molecular 
Proportion 


Per  Cent 


1 
2 


ZnO 

CO, 


100.18 
None 


4.  Test  for  Fluorescence. — The  fused  portion  from  calamine  shows 
fluorescent  color,  though  less  strongly  than  the  willemite  from  Franklin 
Furnace,  N.  J. 

These  results  strongly  suggest  that  imder  the  application  of  both 
heat  and  pressure,  as  they  commonly  exercised  their  influence  under  meta- 
morphic  conditions,  the  still  more  striking  and  definite  changes  might 
be  exhibited.  But  this  cannot  be  obtained  without  the  necessary  equip- 
ment for  both  pressure  and  temperature.  A  system  of  slow  cooling  is  also 
essential. 

E.  Summary  of  the  Experimental  Work 

The  oxidation  *and  solution  of  blende  is  prerequisite  to  the  formation 
of  any  one  of  the  oxidized  ores,  and  the  process  of  oxidation  is  brought 
about  by  reactions  of  the  sulphide  with  a  ferric  iron  salt.  Ferric  sulphate 
is  most  conveniently  used. 

When  the  iron  salt  is  ferric  sulphate  the  zinc  sulphide  is  usually 
converted  into  sulphate;  but  the  solvent  action  of  this  salt  does  not  seem 
to  be  in  the  proportion  to  its  concentration,  as  only  a  small  percentage  of 
the  ferric  is  reduced  to  ferrous  by  the  oxidation  of  the  zinc  sulphide. 
These  results  suggest  that  the  chemical  equation,  Fe2(S04)i  +  ZnS  = 
FeSOi  +  ZnS04  +  S,  represents  only  the  chemical  reaction  and  not  the 
chemical  ratio. 
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When  a  ferrous  salt  is  alone  present  (as  it  rarely  is,  in  quantity,  in  the 
zone  of  oxidation),  no  oxidation  of  zinc  sulphide  can  take  place  unless 
free  air  is  accessible;  and  when  air  is  introduced,  the  sulphide  may  be 
converted  into  sulphate  by  the  oxidation  products  of  the  ferrous  salt 
prior  to  the  formation  of  any  one  of  the  oxidized  ores  of  zinc. 

Soluble  salts  of  such  metals  as  Ag,  Cu,  and  Pb  in  solution,  exert  a 
powerful  solvent  action  on  blende.  Of  these,  a  solution  of  silver  salt  is 
much  more  powerful  than  a  copper  salt  solution  and  the  latter  is  more  so 
than  a  salt  solution  of  lead.  Lower  and  different  concentrations  of  the 
sulphates  of  silver  and  copper  were  used.  In  case  of  lead,  lead  nitrate 
was  substituted. 

A  solution  of  cupric  sulphate  has  a  powerful  solvent  action  on  the 
natural  sulphide  of  zinc,  hence  in  an  orebody  containing  much  copper  sul- 
phide or  galena  or  both,  little  sphalerite  may  be  expected  in  the  horizons 
where  the.  former  two  sulphides  are  rich,  as  most  of  the  blende  will  be 
taken  into  solution  and  the  metal  will  be  redeposited  somewhere  as  one 
of  the  oxidation  products;  and  conversely,  if  rich  zinc  sulphide  be  found 
in  a  certain  horizon,  we  may  be  pretty  sure  that  the  orebody  cannot  have 
contained  much  lead  (or  copper)  sulphide,  and  that  little  oxidation 
products  should  be  expected.  This  accords  with  the  fact  that  zinc  car- 
bonate and  zinc  sulphide  have  been  found  in  different  horizons,  as  if  they 
had  no  relation  to  each  other,  as  in  the  Circle  Mines  at  Oronogo,  Mo. 

When  a  solution  of  an  alkaU  or  calcium  bicarbonate  is  mixed  with  a 
solution  of  zinc  sulphate  or  chloride,  a  zinc  carbonate  is  precipitated; 
but  when  a  reagent  containing  normal  carbonate,  such  as  Na2COs  or 
K2CO8  is  used,  only  a  basic  carbonate  or  hydrozincite  is  obtained. 

When  a  dilute  silicate  solution  (Na^SiOs)  is  mixed  with  a  dilute 
solution  of  zinc  salt,  only  a  precipitate  of  a  meta-silicate  of  zinc  is  ob- 
tained.  In  the  presence  of  carbon  dioxide,  this  silicate  solution  replaces 
also  zinc  carbonate,  to  form  meta-silicate  of  zinc.  If  the  reagent  contains 
a  mixture  of  sodium  silicate  and  sodium  hydroxide  a  ''complex"  precipi- 
tate of  meta-silicate  and  hydroxide  of  zinc  may  be  obtained.  In  chemical 
composition  this  precipitate  corresponds  to  natural  calamine,  but  by  reason 
of  its  amorphous  character  no  definite  confirmation  is  here  offered. 

The  presence  of  carbon  dioxide  exerts  a  powerful  solvent  action  on 
all  the  oxidized  ores  under  consideration.  Of  these,  zinc  carbonates  are 
more  soluble  than  the  basic  sUicate  of  zinc  in  waters  containing  an  excess 
of  carbon  dioxide.  This  may  account  for  the  fact  that  no  carbonic  acid, 
as  far  as  we  know,  has  ever  been  detected  in  the  analysis  of  the  waters 
from  the  mines  of  these  oxidized  ores.  Upon  release  of  the  carbon  dioxide 
any  of  them  may  be  recovered. 

Limestones  immersed  in  dilute  solutions  of  zinc  sulphate  were  found  to 
be  replaced  by  zinc  carbonate;  but  the  replacement  is  much  more  rapid 
with  the  impure  limestone  than  with  the  pure  ones.    This  result  suggests 
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that  the  presence  of  organic  matter  in  the  impure  limestone  has  probably 
exerted  some  influence  in  the  rate  of  replacement. 

At  or  a  little  below  900^C.,  minute  crystals  of  calamine  may  be  pre^ 
pared  from  a  chemical  mixture  containing  definite  proportions  of 
H4Si04,  NaiSOiC  dried),  and  ZnS04  (dried).  Both  the  chemical  analyas 
and  the  optical  characters  of  the  crushed  fragments  all  point  to  their 
identity  with  natural  calamine. 

The  influence  of  heat  on  calamine  and  smithso^ite  results  in  the 
change  of  their  optical  characters  into  those  of  willemite  and  zincite; 
but  the  optical  tests  were  so  difficult  to  carry  out  satisfactorily  that  it 
appears  doubtful  whether  the  anhydrous  silicate  and  the  oxide  of  zinc 
can  be  formed  in  this  way. 

III.  Petrographic  Work 
IrUroditdory 

* 

Petrographic  data  concerning  the  mode  of  formation  of  the  ores  of 
zinc  are,  so  far  as  we  are  aware,  limited  to  descriptions  of  occurrences  of 
blende.'*  As  to  the  oxidized  ores  practically  no  attempt***  has  heretofore 
been  made  to  discuss  the  paragenesis  of  the  mode  of  their  formation  in 
the  light  of  their  petrolo^.  They  have  naturally  been  regarded  as 
products  from  the  alteration  of  sphalerite,  but  the  conclusion  was  wholly 
drawn  from  field  studies. 

The  data  given  below  are  the  results  of  a  study  of  thin  sections  from 
ore  specimens,  chiefly  selected  from  the  collection  of  ores  of  the  Depart- 
ment of  Geology  at  Columbia  University,  and  representing  only  a  few 
localities  chosen  for  this  purpose. 

This  was  undertaken  in  conjunction  with  the  experimental  work,  in 
order  to  arrive  at  some  definite  conclusion  as  to  (a)  the  genetic  order  of 
the  precipitation  of  zinc  carbonate  and  zinc  hydrous  silicate;  and  (b) 
the  influence  of  inclosing  rocks  and  associated  minerals,  principally  lime- 
stone and  pyrite  respectively,  upon  sphalerite  and  its  oxidation  products. 
For  this  reason  the  descriptions  are  not  necessarily  confined  to  the 
oxidized  ores  alone  but  also  include  the  sulphide;  and  the  specimens 
from  which  thin  sections  were  cut  are  grouped,  not  according  to  their 
locaUties  but  according  to  their  present  form  of  occurrence,  into  two 
types  as  follows:  (1)  Sphalerite  occurring  in  limestones  or  cherts  from 
southwest  Wisconsin;  southwest  Missouri;  Mascot  Mine,  Tennessee; 
northwest  Arkansas;  Wythe  County,  Virginia;  and  Saucon  Valley, 
Pennsylvania;  and  (2)  partially  altered   sphalerite  and   the   oxidation 


"  C.  E.  Siebenthal.  Mineral  Resources,  1911,  p.  363  et  seq.,  U.  S.  Geological  Survey, 
W.  Lindgren,  Mineral  Deposits,  p.  422  (1913);  and  T.  L.  Watson,  BuOetin  No,  1; 
Geological  Survey  of  Va.,  pp.  95  to  96  (1906). 

*"  Watson.     Idem,  p.  46. 
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products,  calamine  and  smithsonite,  from  southwest  Missouri,  northern 
Arkansas;  and  Leadville,  Col. 

1.  The  Occurrence  of  Sphalerite  in  Limestones  or  Cherts 

Different  views  have  been  advanced  by  numerous  authors  as  to  the 
mode  of  deposition  of  zinc  sulphide  in  limestones  and  cherts  or  in  their 
breccias.  Later  writers  have  generally  agreed,  however,  that  the  ores  of 
this  type  were  first  derived  from  above  by  the  decomposition  and  erosion 
of  superimposed  strata,  and  finally  concentrated  by  meteoric  waters  in 
brecciated  limestones  or  cherts. 

The  result  of  the  present  investigation  on  thin  sections  from  the 
sulphide  ores  of  zinc  points  to  some  such  theory.  The  sections  examined 
show  that  in  many  instances  the  zinc  sulphide  has  filled  completely 
the  intersticial  space  in  the  brecciated  country  rocks,  principally  lime- 
stones and  cherts.  In  others,  the  sulphide  appears  to  have  impreg- 
nated the  country  rocks  and  filled  the  cavities  in  the  limestones  as  if  it 
had  been  deposited  with  the  inclosing  rock. 

Among  the  associated  minerals  are  galena,  pyrite,  magnetite,  limonite, 
secondary  quartz,  and  calcite,  flourite  and  greenockite.  The  latter  two 
were  not  observed  in  the  sections  here  examined;  and  galena  was  absent,  or 
occurred  only  in  minor  amount,  where  sphalerite  was  dominant.  Sphal- 
erite usually  incloses  galena,  indicating  the  previous  deposition  of  the 
latter.  Of  the  three  iron  compounds,  pyrite  is  the  commonest,  while 
magnetite  infrequently  concentrated  around  the  peripheries  of  sphalerite, 
and  limonite  occurs  sparingly  along  cleavage  cracks,  when  such  occur. 
The  order  of  origin  of  these  minerals  with  respect  to  the  sulphide  ore  of 
zinc  has  therefore  appeared  to  be:  (1)  Galena  (if  present) ;  (2)  sphalerite; 
(3)  iron  sulphides;  and  (4)  secondary  quartz  and  calcite.  (2)  and  (3) 
may  have  taken  place  almost  simultaneously  and  (3)  and  (4)  reverse  in 
some  instances.  Wherever  quartz  occurs  in  these  sections,  it  is  in- 
variably of  secondary  origin. 

A  specimen  from  southwest  Wisconsin  consisted  of  sphalerite  and  a 
siliceous  mass  on  the  top,  which  was  thought  to  be  the  alteration  product, 
calamine,  but  upon  examination  under  the  microscope  was  found  to 
consist  of  aggregates  of  secondary  quartz.  Some  are  cryptocrystalline 
and  others  are  much  larger.  In  it  secondary  calcite  occasionally  occurs 
(Fig.  6). 

The  essential  relation  of  secondary  quartz  to  sphalerite  appears  to  be 
the  same  in  all  the  specimens  studied  from  the  localities  indicated  above, 
as  shown  in  Figs.  6  to  11.  Irrespective  of  their  localities,  they  all  show 
that  the  voids  or  interstices  in  the  limestone  were  completely  filled  with 
secondary  quartz,  and  that  where  spaces  in  the  country  rock  were  not 
wholly  occupied  by  sphalerite  the  remainder  was  filled  with  quartz. 
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Secondary  calcite  is  occasionally  seen  in  cleavage  cracks  of  sphalerite. 
These  relations  indicate  that  the  precipitation  and  concentration  of 
sphalerite  preceded  the  deposition  of  secondary  quartz  and  calcite. 

Some  sections  show  pyrite  penetrating  the  blende,  as  well  as  the  calcite 
and  quartZ;  along  their  strain-  and  cleavage-cracks.  This  means  that 
subsequent  to  the  deposition  of  most  of  the  sphalerite  and  of  the  secondary 
quartz  in  the  fractured  limestone,  there  came  a  period  of  infiltration  of 
solutions,  bearing  iron  sulphide.  In  these  cleavage  cracks  of  sphalerite 
and  quartz,  pyrite  has  been  deposited.  It  further  favors  the  contact  of 
sphalerite  and  is  especially  prominent  around  the  edges  of  the  zinc  sul- 
phide. The  contacts  of  pyrite  and  sphalerite  thus  produced  afford  the 
most  important  factor  in  the  oxidation  of  sphalerite,  discussed  in  the 
earlier  part  of  this  paper. 

Sphalerite  is,  as  a  rule,  most  abundant  in  brecciated  limestone  and  in 
the  secondary  black  chert.  The  latter  is  largely  made  up  of  cryptocrys- 
talline  quartz  with  grains  of  blende  and  crystals  of  dolomite  (Fig.  7). 
The  dark  color  of  the  chert  is  due  to  the  presence  of  much  organic  matter. 
In  the  bedded  limestones  and  white  cherts,  sphalerite  is  practically 
absent. 

Summary  of  the  Blende  in  LvmesUynes  and  in  Cherts. — ^From  the  thin 
sections  examined  here  it  may  be  briefly  stated  that  the  deposition  of 
secondai-y  quartz  was  subsequent  to  the  crystallization  of  sphalerite. 
This  secondary  quartz  was  probably  in  part  introduced  by  percolating 
waters  and  in  part  was  furnished  by  the  decomposition  of  cherty  lime- 
stone and  cherts  with  minor  amounts  of  secondary  calcite.  The  pre- 
cipitation of  pyrite  in  some  cases  was  almost  simultaneous  with  the 
crystallization  of  sphalerite,  but  it  has  not  had  the  opportunity  since 
its  deposition  to  exert  influence  on  the  oxidation  of  sphalerite. 

2.  The  Partially  Altered  Sphalerite  and  the  Oxidation  Prodticls 

The  country  rock  in  which  the  ores  of  this  second  type  occur  is  chiefly 
dolomitic  limestone.  The  associated  minerals  are  galena,  pyrite,  limonite, 
hematite  (both  derived  from  pyrite),  secondary  quartz  and  calcite,  and 
some  primary  quartz.  In  no  case  are  they  all  present  in  a  single  section; 
and  primary  quartz  and  pyrite  were  observed  only  in  specimens  from 
Joplin  district,  Missouri,  and  Silver  Hollow  Mine,  Arkansas. 

a.  Smithsonite  with  Blende  (Kg.  18). — ^This  shows  the  peculiar  occur- 
rence of  galena  around  peripheries  of  residual  grains  of  sphalerite.  In 
some  cases  galena  forms  a  succession  of  rings.  The  sphalerite  within  a 
single  ring  is  usually  unaffected.  The  iron  oxide  associated  with  smith- 
sonite is  usually  in  the  form  of  limonite.  It  penetrated  oc  concentrated 
along  the  cleavage  cracks  of  smithsonite,  as  shown  in  Fig.  18.  A  charac- 
teristic feature  of  the  smithsonite  is  the  occurrence  of  minute  secondaiy 
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quartz  and  of  some  straight  and  elongated  crystals  of  calamine  inter- 
grown  in  it,  as  shown  in  Fig.  14.  It  is  evident  that  the  intergrowth 
or  interlocking  of  these  oxidation  products  (Figs.  13  and  14)  represents 
the  overlapping  periods  of  formation  of  both  minerals.  Their  amount 
of  each  necessarily  depended  upon  the  amount  of  the  required  sub- 
stances in  the  reagents  in  original  sections. 

The  ores  from  Silver  Hollow  Mine,  Arkansas,  contain  a  large  number 
of  almost  round  grains  of  quartz,  some  of  which  were  completely  sur- 
rounded by  pyrite  and  others  by  both  pyrite  and  secondary  calcite. 
These  quartz  grains  are  primary  in  origin,  and  are  believed  to  have  come 
from  the  disintegration  of  some  original  sandstone,  before  the  penetration 
of  pyrite.    The  edges  of  these  quartz  grains  are  more  or  less  corroded  and 
in  some  cases  secondary  calcite  has  filled  these  spots  (Fig.  15).    The 
optical  examination  of  this  ore  indicates  that  smithsonite  is  rarely  derived 
direct  from  sphalerite,  but  mostly  from  solutions,  after  the  sphalerite 
had  been  oxidized  into  a  soluble  salt  presumably  a  sulphate,  by  meteoric 
waters.    Fig.  16,  from  the  same  section,  shows  sphalerite  cut  by  a  vein- 
let  of  smithsonite.     In  some  places  the  section  also  shows  the  sharp  con- 
tacts of  smithsonite  with  sphalerite.    Had  the  smithsonite  been  formed 
by  direct  alteration  from  sphalerite  such  a  relation  could  hardly  exist. 
These  sections  further  indicate  that  simultaneous  with  or  subsequent  to 
the  solution  of  sphalerite  in  some  parts  of  the  ore  there  occurred  a  frac- 
turing of  the  unaltered .  sphalerite,  which  permitted  the  infiltration  of 
solutions  bearing  smithsonite.    In  the  cracks  thus  produced  in  the  im- 
altered  portions  of  sphalerite,  smithsonite  has  been  deposited.     Subse- 
quent to  its  deposition  is  the  deposition  of  secondary  quartz  which  filled 
the  rest  of  the  vein/    Pyrite  which  penetrated  sphalerite  and  calcite 
along  their  cleavage  weakness  in  the  specimen  is  only  observed  in  part  in 
thin  sections. 

b.  Calamine  with  Blende. — Where  blende  was  not  entirely  altered,  its 
periphery  was  surrounded  by  a  ring  of  galena  (see  Pig.  18)  and  occasionally 
by  limonite.  Like  smithsonite,  calamine  rarely  replaced  sphalerite  in 
place.  Its  crystals  usually  exhibit  a  habit  of  radial  or  of  massive  struc- 
ture. This  habit  of  structure  (Figs.  13  and  17)  suggests  at  least  one  thing, 
namely,  that  its  crystallization  in  general  took  place  from  solutions,  and 
not  by  direct  alteration  of  sphalerite. 

The  rich  ore  of  calamine  may  also  carry  some  smithsonite  as  a  minor 
product,  and  the  same  is  also  true  in  the  reverse  case.  Both  of  them  may 
replace  calcite  as  the  result  of  metasomatic  replacement,  as  shown  on 
Fig.  18.  It  is  sometimes  difficult  to  distinguish  smithsonite  from  calcite, 
especially  when  they  are  closely  associated.  The  difference  in  their  reUef 
generally  affords  a  clue  to  their  distinction.  In  nearly  all  cases,  the  sur- 
face of  smithsonite  appears  very  shaggy  under  the  microscope. 

c-  Smithsonite  and  Calamine. — The  sections  here  examined  were  cut 
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from  the  ores  containing  both  calamine  and  smithsonite  and  are  prac- 
tically free  from  gangue.  In  some  instances  they  are  intergrown  in  each 
other;  in  others  they  are  interlocked  with  each  other,  as  already  described 
above. 

As  to  their  structure,  each  of  these  two  minerals  seems  to  have  fol- 
lowed a  definite  habit  of  crystallization.  With  calamine  the  radial  struc- 
ture is  common,  whereas  smithsonite  is  usually  granular,  especially  in 
high-grade  ore  (Figs.  13,  14,  17). 

A  specimen,  known  to  contain  both  calamine  and  smithsonite,  from 
Leadville,  Col.,  was  found  to  be  mostly  calamine,  largely  made  up  of 
crypto-crystalline  and  elongated  crystals,  as  shown  in  Fig.  19. 

Fig.  20  from  the  same  section  shows  narrow  strips  of  iron  oxides 
(hematite  and  limonite)  surrounded  by  calamine.  These  oxides  appear 
to  have  concentrated  along  the  partings  and  the  cleavage  cracks  of  cala- 
mine. Where  this  mineral  is  in  the  form  of  minute  crystals,  the  surface 
is  irregularly  coated  also  with  iron  oxides  (Fig.  19),  chiefly  limonite.  The 
iron  oxide  was  undoubtedly  an  iron  sulphide  in  origin,  and  was  later 
reconcentrated  and  reprecipitated  in  its  present  form,  after  its  oxidation 
product,  generally  ferric  sulphate,  had  been  destroyed  in  the  oxidation  of 
sphalerite,  with  which  it  was  in  contact  in  the  original  rock.'*^ 

Summary  on  the  Partially  Altered  SphcUerite  and  its  Oxidation  Products, 
— From  the  examination  of  these  sections  it  may  be  said  that: 

(a)  -  When  sphalerite  was  surrounded  by  a  ring  of  galena  or  iron  oxide, 
its  further  oxidation  was  terminated. 

(b)  Sphalerite  was  rarely  replaced  by  its  oxidation  products  in  place. 
In  most  cases  the  solution  of  sphalerite,  through  the  reaction  of  the  oxida- 
tion products  of  iron  sulphides,  preceded  the  transportation  or  migration, 
and  the  deposition  of  the  metal  in  the  form  of  carbonate  or  hydrous- 
silicate. 

(c)  The  alteration  of  sphalerite  proceeded  inward  zonally  from  the 
exterior. 

(d)  No  definite  order  of  the  formation  of  calamine  and  smithsonite 
was  observed.  They  may  intergrow  with  each  other  or  either  may 
precede  the  other.  Thus  the  formation  of  these  oxidation  products 
depended  upon  the  availability  of  the  required  substances  in  the  reagents 
which  had  come  into  contact  with  a  solution  containing  the  metal  zinc, 
presumably  as  zinc  sulphate. 

(e)  Both  calamine  and  smithsonite  replaced  calcite,  or  the  limestone 
might  pass  into  these  products  in  orebodies.  This  relation  has  also 
been  observed  in  some  zinc  mines.*^ 


*i  T.  L.  Watson.    BuUetin  No.  1,  Geological  Survey  of  7a.,  p.  45  (1905). 
*^  U.  S.  Grant.    Report  on  th6  Lead  and  Zinc  Deposits  of  Wisconsin,  Bulletin 
No,  14,  Wisconsin  Geologvcal  and  Natural  History  Survey,  p.  59  (1906). 
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IV.  Conclusions 

From  the  chemical  and  petrpgraphic  data  presented  in  this  paper  we 
have  sufficient  evidence  to  justify  the  following  conclusions: 

1.  Sphalerite  is  first  attacked  by  the  oxidation  products  of  iron 
sulphides  before  the  formation  of  the  secondary  minerals  containing 
zinc. 

2.  The  formation  of  the  oxidized  ores  rarely  occurs  by  direct  replace- 
ment of  sphalerite. 

3.  Normal  zinc  carbonate  (smithsonite)  is  formed  when  the  reagents 
in  solutions  are  bicarbonates;  and  basic  zinc  carbonate  (hydrozincite)  is 
formed  when  the  reagents  are  normal  carbonates. 

4.  Limestones  may  be  replaced  in  nature  by  solutions  of  a  zinc  salt, 
usually  the  sulphate. 

5.  In  nature  both  smithsonite  and  calamine  replace  limestones. 

6.  No  free  carbon  dioxide  can  be  present  where  silicates  and  carbon- 
ates of  zinc  occur,  and  conversely,  these  minerals  of  zinc  do  not  appear 
where  free  carbon  dioxide  is  present. 

7.  "Amorphous  calamine"  may  be  formed  from  solutions  of  silicate 
and  hydroxide  under  ordinary  conditions. 

8.  Calamine  in  nature  is  probably  formed  by  steps,  and  is  precipi- 
tated from  waters  containing  ions  of  some  gelatinous  silicate  and  of 
hydroxides. 

9.  It  is  evident  that  calamine  is  formed  under  ordinary  conditions 
in  nature,  but  time  is  a  great  factor  in  the  process.  Until  this  factor  is 
satisfied  we  can  hardly  expect  the  production  of  crystals  of  calamine  by 
wet  methods. 

10.  Minute  crystals  of  calamine  may  be  formed  by  heat  at  or  below 
900**C.  from  a  chemical  mixture,  as  set  forth  under  Experiment  12. 

11.  No  confirmation  is  here  offered  of  the  change  of  calamine  and 
smithsonite  to  willemite  and  zincite  by  heat,  other  than  that  heat  pro- 
duces changes  of  optical  characters  into  those  of  willemite  and  zincite 
respectively. 

v.    microphotographs  and  photographs  with  their 

Explanations 

Abbreviations 

C    =  calamine  P  =  pyrite 

Ca  ==  calcite  Q  =  secondary  quartz 

D    =  dolomite  PQ  =  primary  quartz 
G    =  galena  S  =  smithsonite 

I     =  iron  oxides  Sp  =  sphalerite 
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—Magnified  17  DiAMBTEaa;  Crossed  Nicols. 


Figs.  8  and  9. — -MAUNiriED  17  Oiambterb;  Crossed  Nicols. 

FiO'  6 . — Thin  sections  of  bleode  ore  from  Southwest  Wisconsin.  Black  areas 
represent  sphalerite.  White  areas,  secondary  quartz,  which  was  formerly  thought  to 
be  zinc  silicate  such  as  calamine. 

■Pio.  7.^Thin  sections  of  black  chert  containJDg  ore  from  Orongo  Circle  Mine, 
Orougo,  Mo.  Biack  areas,  sphalerite.  Shows  cryptocrystalline  character  of  the 
secondary  quartz  in  the  black  chert, 

Fio.  S. — From  the  same  locality  as  7.  Shows  the  voids  in  the  limestone  were 
entirely  filled  with  both  sphalerite  and  secondary  quarts. 

Fio.  9. — Thin  sections  of  the  sulphide  ore  from  Joplin,  Mo.  Note  the  sphalerite 
was  entirely  surroQnded  by  secondary  quarto. 
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FioB.  10  ANb  11. — Maonified  17  Diameters;  Crossed  Nicolb. 


Fia.  10. — Thin  section  of  the  ores  from  Northwest  Arkansas.  Shows  the  second- 
ary quartz  and  the  filling  of  minute  cracka  accompanied  by  replacement  of  the 
sulphide  by  the  quartz.  Re-entrant  angles  along  some  margins  oi  the  sulphide  are 
well  shoWh. 

Fio.  11.— Thin  section  of  the  ores  from  Mascot  Mine,  Tenn.  The  dark  area 
witluD  the  lighter  cicular  portion  repreaents  sphalerite.  A  large  portion  of  it  was 
probably  removed  by  a  siliceous  solution  from  which  the  aggregates  of  secondary 
quartz  deposited  around  the  remnants  of  the  sulphide. 

Tio.  12. — Thin  sections  of  the  oxidized  ores  ^om  San  Francisco  Mine,  Missouri. 
Shows  the  intergrowth  of  calamine  and  smithsonite.  The  latter  constitutes  the 
major  portion  of  the  section  including  the  dark  areas ;  while  the  latter  is  only  in  minor 
amount  And  mostly  in  elongated  form  of  minute  crystals. 

Fio.  13. — From  the  same  locality  as  12.  Shows  the  growth  of  smithsonite  in 
calamine.  Note  the  difference  in  their  structure.  Calamine  exhibits  its  radial  habit 
of  crystallization,  whereas  smithsonite  is  in  lath  shape. 
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Figs.  10  and  17. — Maonipied  17  Diahetbrs;  Cbossed  Nicols. 

Fiu.  14.^From  the  saroe  locality  as  13.  Note  the  interlocking  of  calamine  and 
Bmithsonite.  The  darker  surface  of  calamine  ia  due  to  the  cloudy  appearance  of  the 
crystals. 

Flo.  15.' — Section  of  the  ore  containing  blende  and  smithaonite  from  Silver 
Hollow  mine,  Aikansas.  Note  the  round  grains  of  quarts  and  their  corroded  edges 
filled  with  pyrite  and  secondary  calcite. 

Fig.  16. — From  the  same  locality  as  15.  Note  the  veinlet  ot  sniithsonite  in 
sphalerite  and  their  sharp  contacts.  In  this,  the  oxidized  ores  had  probably  removed 
only  a  short  distance  and  almost  remained  In  placea,  but  it  nevertheless  inaicat«e  tlie 
fact  that  the  solution  of  sphalerite  preceded  trie  deposition  of  snuthsonite. 

Fio.  17. — Thin  sectioos  of  calamine  ore  from  Joplin,  Mo.  Note  the  radial  habit 
of  growth  in  almost  all  directions. 
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Fio.  20. — Maqkifibd  17  Diameters;  Crossed  Nicols. 

Fio.  18. — Thin  sectione  of  the  ore  Sfiecimen  from  Northwest  Arkansas.  Shows 
the  galeos  "rings"  in  dark  color  incloBing  the  residual  grains  ot  sphalerite.  The 
areas  outside  the  iimermoet  "rings"  were  replaced  by  amithsonite.  Note  also  the 
replacement  of  calcite  by  smithsonite  to  the  nght.  This  probably  indicates  the  fact 
thkt  upon  the  solution  of  sphalerite,  a  carbonate  solution  immediately  came  in  and 
gave  nee  to  the  precipitation  of  zinc  carbonate.  See  discussions  under  the  forraa- 
tioD  of  zinc  carbonate  in  the  earlier  part  of  this  paper. 

Fio.  19.— Thin  section  of  the  oxidized  ores  fromLeadville,  Col.  Note  the  two 
typeo  of  crystals;  one  is  in  an  elongated  form  and  the  other  is  mostly  cryptocrys- 
tallme.  Its  cryptocrystalline  character  almost  resembles  that  of  some  of  the 
secondary  quartz  in  the  blende-bearing  cherts.     (See  Microphotograph  No.  7} 

Fio.  20. — From  the  same  locality  as  No.  19.  Note  the  narrow  strips  of  iron 
oxides  concentrated  along  the  crysttulographic  partings  and  the  cleavage  cracks  of 


THB   FORMATION   OF  THE    OXIDIZED   0BB8   OF   ZINC 


Fia.  21. — Specimen  of  blende  ore  from  Oronogo  Circle  Mine,  Oronogo,  Mo. 
Brecciated  structure  of  the  country  rock.  Dark  areas  reptesent  flphelerite  and  tbe 
fine  grains  of  black  chert  cemented  together.  The  lighter  portions  TepreMst 
brecciated  limratones  and  white  cherts. 

The  whits  areas  repreasnt  white 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  preeented  in  penon  at  the 
San  fVandsco  meeting  Sept.,  1915,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disouasion  in  writinc  may  be  sent  to  the  Editor;  American  Institute  of  Mining  Engineers,  29  West 
30th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  apceial  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Nov.  1,  1915.  Any  diseussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Stresses  in  the  Mine  Roof 

BY  B.   DAWBON  HALL,*  BBOOKLTN,    N.    T. 
(San  Franeiftco  Meeting,  September,  1915) 

The  stresses  in  the  simplest  structures  are  often  those  we  find  most 
dijficult  to  analyze.  The  most  complex  condition  in  mine  stresses  is 
found  in  simple  tunnels  where  the  roof,  the  sides,  and  the  floor  are  a  mono- 
Uth.  The  functions  of  the  parts  are  like  the  parts  themselves  not  distinct 
and  specialized;  and  the  problems  to  be  solved  are  like  those  in  a  metal 
structure  with  riveted  joints  or  a  redimdancy  of  bars. 

This  diflBlculty  explains  perhaps  why  the  condition  has  not  been  treated. 
But  just  because  it  cannot  be  discussed  in  its  entirety  is  no  reason  why 
it  should  be  treated  as  an  action  of  parts  with  specialized  functions  as  a 
roof  beam  with  supports  and  a  foundation.  The  problem  cannot  be 
ignored  on  the  ground  that  it  is  not  of  sufficient  importance  to  warrant 
careful  consideration,  because  conditions  of  complete  monolithism,  of 
which  the  tunnel  is  the  type,  are  found  materially  imchanged  in  room-and- 
pillar  and  in  long  wall  work. 

This  unity  between  roof,  sides,  and  floor,  which  to  the  coal  miner  is  a 
difficult  conception,  really  deserves  a  scientific  appellation,  and  perhaps 
holoid  (from  holos^  whole,  and  eidos^  lorm)  will  serve  the  purpose  as  well  as 
any  other. 

In  a  simple  tunnel  the  roof,  the  sides,  and  the  floor  form  integral  parts 
of  one  and  the  same  structure,  and  the  distortion  of  one  cannot  be  con- 
ceived without  a  consequent  strain  in  the  others.  Thus  when  the  roof  of 
the  tunnel  droops  by  reason  of  its  weight,  the  upper  parts  of  the  sides  are 
drawn  in  because  they  are  integrally  connected  with  the  roof  and  must 
approach  each  other  whenever,  by  the  sagging  of  the  roof,  the  distance 
between  any  two  points  in  it  is  diminished.     (See  Fig.  1.) 

The  sides  in  their  turn  operate  on  the  floor  of  the  holoid  structure, 
producing  a  tensile  stress.  The  writer,  has  always  been  impressed  with 
the  value  of  soap  as  a  means  of  illustrating  the  action  of  mine  stresses. 
With  that  idea  in  mind  a  cake  of  naphtha  soap  measuring  4t%  by  2}4  by 
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1^4  in.  was  taken  and  a  tunnel  was  made  through  it  1^  in.  long,  2}i  in. 
wide  and  IK  in.  high.  -(See  Fig.  2.)  A  load  was  then  placed  at  the  mid- 
span  of  the  tunnel.  Eventually,  the  upper  bar,  or  "roof,'*  broke  at  the 
center  line  and  along  both  *'ribs''  of  the  tunnel,  the  breaks  being 
approximately  vertical  and  proceeding,  as  might  be  expected,  on  the 
ribs  from  the  "surface"  downward  and  at  the  center  line  from  the 
tunnel  upward,  the  failure  being  from  bending  moment,  not  shear. 

This  is  interesting  because  it  shows  that  breakage  at  the  ribs  is  not 
necessarily  evidence  of  shear.  It  may  be  only  a  demonstration  of  a 
holoid  structure.  It  is  the  form  of  failure  whenever  coal  is  blasted  down 
and  not  an  infrequent  form  of  roof  demolition.  The  test  on  the  soap  tun- 
nel further  showed  that  as  soon  as  rupture  takes  place  in  the  roof  of  the 
tunnel,  there  must  inevitably  come  a  thrust  on  the  ribs.  The  tension 
draws  them  together  till  rupture  occurs  and  then  the  two  roof  units, 
in  endeavoring  to  revolve,  crowd  each  other  and  push  on  the  opposing 
walls.     (See  Fig.  3.) 

When  a  holoid  structure,  by  reason  of  the  weakness  of  the  floor  or 
because  of  a  lack  of  adhesion  between  the  ribs  and  the  floor,  ceases  to 
engage  the  floor  in  its  movements,  then  its  shape  as  a  structural  element 
roughly  resembles  the  Greek  letter  t  and  for  want  of  a  better  name  we 
might  term  the  new  element  a  pyoid  structure.  (See  Fig.  4.)  The 
doctors  use  the  word  for  a  totally  different  purpose  with  little  excuse. 
"Pyonoid''  is  the  word  which  they  should  use  to  express  the  attributive 
"pus-like." 

By  reversing  the  soap  tunnel  after  thereof  has  been  caved  the  weakness 
of  the  pyoid  structure  is  made  clear.  As  soon  as  pressure  is  brought  on 
the  new  roof  (formerly  the  floor  of  the  tunnel),  the  two  ribs  are  seen 
to  recede  markedly  and  if  the  floor  were  intact  this  would  result  in  a 
well-developed  stress  in  that  element  of  the  holoid  structure.  (See 
Figs.  5  and  6,  showing  progressive  demolition.)  •  ». 

Probably  it  is  well  here  to  express  a  belief  in  the  importance  of.  the 
holoid.  The  general  notion  is  that  all  the  beds  shear  horizontally  along 
the  lines  of  stratification  and  that  it  is  a  mistake  to  consider  the  mine 
or  even  the  roof  as  a  monolith.  It  is  true  that  most  of  the  accidents  in 
mines  are  due  to  the  lack  of  unity  in  the  roof.  What  we  call  draw-slate 
accidents  are  almost  wholly  due  to  this  fact.  Nevertheless,  it  is  interest- 
ing to  note  how  firmly  roof  and  coal  are  usually  "  burned  "  to  one  another. 
Even  when  undermined  and  sheared  on  both  sides  the  coal  often  fails  to 
fall,  being  supported  by  the  vertical  shearing  strength  of  the  one  side 
still  attached  and  by  the  adhesion  to  the  roof.  The  writer  is  hardly  pre- 
pared to  state  when  the  holoid  structure  ceases  to  exist,  and  of  course  the 
time  and  conditions  will  vary  with  the  materials  under  consideration. 

It  is  obvious  that  with  the  holoid  structure,  the  ribs  being  drawn 
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Fig-  1  shows  in  broken  lines  a  cross-section  of  a  tunnel  and  in  full  lines  the  si 
tunnel  distorted  by  pressure.     This  is  a  typical  holoid  structure. 

W\%.  2  shows  a  soap  model  to  which  reference  is  made  in  the  article. 

Fig.  3  emggerates  the  upper  or  roof  bar  in  the  soap  model  and  shows  Jiow 
collapse  of  the  root  flKea  back  the  sides  by  the  arch  action. 

Fig.  4  shows  the  soap  pyoid  without  load. 

Fig.  5  shows  the  same  when  the  bending  of  the  roof  bar  takes  place,  thnisting 
the  ribs,  or  legs. 

Fig.  6  shows  a  further  action  when  the  revolution  of  the  segments  in  collnpse  t( 
to  force  back  the  upper  parts  of  the  ribs  or  legs. 

Fig.  7  illustrates  a  semi-holoid  structure. 

Fig,  8  illustrates  a  semi-pyoid  structure. 
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together  by  the  movement  of  the  roof,  they  must  tend  more  or  less  to  be 
split  vertically  and  in  longwall  they  will  then  faJl  down  on  the  advancing 
undercut.  In  certain  sub-bituminous  mines  the  writer  has  noted  a 
tendency  toward  what  he  thought  was  a  vertical  shear  parallel  to  the 
headings.  This  developed  rapidly  after  the  work  was  opened,  especially 
at  great  depth. 

Whether  this  was  only  a  vertical  shear  seems  doubtful.  It  may  have 
been  due  to  the  holoid  character  of  the  structure,  the  ribs  receiving  no 
relief  by  a  horizontal  shear  between  ribs  and  roof.  Instead  the  roof  pulled 
off  the  edge  of  the  pillar  as  the  former  bent  imder  the  load.  It  was 
interesting  to  note  that  these  lines  of  fracture  did  not  coincide  with  the 
normal  cleavage  of  the  coal. 

This  rending  along  vertical  planes  eventually  throws  back  the  real 
rib  lines  far  into  the  pillar. .  Where  the  draw  slate  and  roof  proper  leave 
one  another,  we  have  probably  a  plate  structure  superposing  one  which 
is  holoid  or  pyoid  in  character,  and  in  the  longwall  the  breaks  back  of  the 
face  which  bring  coal  and  roof  down  together,  or  which  tend  so  to  do  if  the 
latter  is  not  duly  propped,  are  failures  of  the  semi-holoid  or  semi-pyoid 
and  not  of  the  plate  structure  above.     (See  Figs.  9  and  10.) 

The  breaking  of  even  the  holoid  roof  is  not  necessarily  a  sudden, 
unheralded  event,  such  as  one  might  anticipate  from  a  cursory  considera- 
tion of  the  problem.  It  is  clear  that  the  action  of  the  moments  cannot 
destroy  the  roof  without  revolving  in  a  degree  the  elements  into  which 
the  roof  is  broken,  and  any  revolution  inevitably  binds  these  elements 
against  one  another  so  that  they  are  less  able  to  fall.  Either  a  recession 
of  the  ribs  or  a  further  demolition  of  the  revolving  elements  must  take 
place  or  the  roof  will  not  fall.  One  form  of  demolition  which  frequently 
occurs  in  shallow  workings  is  vertical  shear  along  the  cracks  already 
made  by  the  bending-moment  stresses.  But  horizontal  shears  may 
make  it  possible  for  the  roof  masses  to  revolve  and  yet  fit  the  space  they 
occupied  by  a  counter  revolution  of  the  strata  past  each  other.  Or  again, 
the  whole  mass  may  be  broken  up  by  the  rubbing  of  the  opposing  faces  of 
the  elements  as  they  try  to  fall. 

It  is  this  last  action  which  is  in  evidence  in  coal  brought  down  by  a 
shot  when  it  is  broken  considerably  in  falling,  and  that  vertical  shear  is  not 
an  important  cause  of  the  fall  of  coal  is  shown  by  the  fact  that  there  is  a 
distinct  tendency  for  the  coal  to  roll  away  from  the  side  ribs. 

It  is  necessary  now  to  consider  the  plate  structure  in  which  the  roof  is 
considered  as  a  vast  plate,  a  monolith  in  itself  but  resting  without  ad- 
hesion on  its  supports.  Whenever  there  is  a  mined  area  the  roof  is 
depressed,  and  being  elastic  it  tends  to  rise  on  the  surrounding  supports, 
resting  its  weight  on  the  edges  of  the  surrounding  ribs  of  the  excavation. 
This  area  of  quasi-elevation  is  followed  by  another  area  of  depression 
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Fig.  9  shows  a  semi-holoid  such  as  often  occurs  in  longwall,  supporting  a  cumoid 
which,  being  separated  from  the  semi-holoid,  has  freedom  of  movement  except  for  the 
restraint  of  frictional  contact. 

Fig.  10  shows  a  semi-pyoid  likewise  surcharged  by  an  independent  cumoid. 

Fig.  11  is  a  plan  of  a  circular  excavation.  The  sagging  of  the  roof  into  this  area 
produces  an  area  of  quasi-elevation;  that  is,  an  area  which  would  be  elevated  if  the 
mineral  itself  and  the  floor  surrounding  the  excavation  were  incompressible  and  inde> 
structible.  Outside  this  area  is  one  of  depression,  the  stiffness  of  the  measures  light- 
ening the  burden  on  the  area  of  quasi-elevation  and  loading  with  increased  heaviness 
the  edges  of  the  excavation  and  the  area  of  depression.  It  exhibits  the  fact  that  the 
action  of  the  roof  is  cumoidal,  or  wavelike,  and  not  confined  to  the  area  of  excavation. 
The  depressed  area  is  in  its  turn  followed  by  another  area  of  quasi-elevation,  and  this 
again  by  an  area  of  depression.  The  size  of  these  waves  of  course  decreases  as  the 
area  of  excavation  is  left  behind. 

Fig.  12  shows  a  cumoid  bending  over  an  opening  and  crushing  two  pillars. 

Fig.  13  shows  a  cumoid  bending  over  a  pillar,  the  center  of  which  is  a  point  of  quasi- 
elevation.    The  roof  tends  to  break  over  such  a  support. 

Fig.  14  shows  a  weak  cumoid,  such  as  a  loose  draw  slate  which  has  broken  away 
from  the  stiffer  cumoid  above  and  probably  has  insufficient  moment  of  inertia  for  self 
support. 

Fig.  15  is  a  Luten  bridge,  showing  the  lower  tension  member,  or  paving,  which  ties 
the  abutments  together  and  prevents  their  recession,  thus  adding  to  the  strength  of  the 
bridge. 

Fig.  16  shows  a  broken  cumoid  failing  to  fall  owing  to  an  arching  action. 
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surrounding  the  central  depression  and  the  area  of  quasi-elevation.  Thus 
the  roof  plate  is  bent  into  a  series  of  waves  around  the  central  area  of 
disturbance  just  as  the  surface  of  the  water  is  rippled  round  the  point 
where  a  stone  has  fallen  and  disturbed  its  equilibrium.     (See  Fig.  11.) 

Of  course,  the  elevations  are  only  relative,  not  actual,  and  naturally, 
like  all  undulations,  as  they  recede  from  the  point  of  disturbance  they  die 
down.  But  it  is  essential  to  remember  that  while  the  holoid  structure  is 
to  a  large  extent  a  closed  force  chain,  this  is  not  nearly  so  true  of  the  plate, 
the  stresses  in  which  are  less  localized  and  circumscribed. 

This  structure  we  may  dub  as  cumoid  (from  kuma,  a  wave).  The 
remarkable  feature  about  such  a  structure  is  that  it  develops  points  of 
great  stress  far  away  from  the  disturbing  cause,  and  it  may  break  over  the 
pillar  instead  of  in  the  opening.  The  appearance  of  the  Forth  Bridge, 
Scotland,  is  known  to  almost  every  one.  The  light  structural  work 
over  the  midspan  contrasts  most  forcibly  with  the  heavy  structure  over 
the  piers.  It  is  the  case  with  all  cantilevers  and  continuous-arch 
structures,  and  the  roof  in  the  mine  is  like  a  continuous  arch,  only  it  is 
continuous  not  only  in  one,  but  in  every  direction. 

It  is  the  peculiarity  of  the  cumoid  structure  that  the  stresses  it  in- 
volves may  be  greater  farther  from  the  point  of  disturbance  than  at  some 
nearer  point-.  But,  like  the  holoid  structure  and  the  pyoid,  it  puts  the 
greater  burden  on  the  pillar's  edge.  The  center  of  the  pillar  between  two 
large  open  spaces  may  be  relieved  from  much  of  the  normal  pressure  be- 
cause of  the  bending  of  the  cumoid  roof  over  the  pillar.     (See  Fig.  13.) 

There  is  some  evidence  that  in  actual  operations  in  some  sections  of 
the  country  the  roof  soon  breaks  by  horizontal  shear  into  two  or  more 
separate  cumoid  structures,  of  which  of  course  one  is  free  of  external  load, 
while  the  others,  though  below  other  cumoids,  may  or  may  not  be  loaded. 
If  the  stiffness  of  the  upper  cumoid,  or  cumoids,  exceeds  that  of  the  lower, 
the  loading  may  be  relieved  from  the  open  spaces  and  the  upper  cumoids 
may  restrain  the  lateral,  and  therefore  the  vertical,  movement  of  the 
lower  cumoids,  thus  adding  to  their  resistive  strength. 

In  an  interesting  paper  read  before  the  winter  meeting  of  the  West 
Virginia  Coal  Mining  Institute,  the  late  F.  C.  Keighley  called  attention 
to  the  fact  that  when  the  lower  roof  broke  or  was  preparing  to  break  in  the 
mined  spaces  of  the  Connellsville  region  it  frequently  weakened  the  lower 
roof  in  the  rooms  and  headings  nearby,  despite  the  strong  support  afforded 
by  large  pillars.  This  caused  in  the  narrow  places  many  falls  which  had 
to  be  loaded  out. 

It  would  seem,  therefore,  that  the  breaking  of  the  lower  roof  or  its 
initial  stressing  tears  the  lower  roof  from  the  upper  and  from  the  ribs, 
converting  it  into  a  cumoid  structure  which  is  too  weak  to  stand  tlie 
strains  to  which  it  is  exposed.     In  cases,  however,  these  primary  failures 
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may  be  due  to  substitution  of  a  pyoid  for  a  holoid  structure.  For  it  must 
not  be  forgotten  that  where  the  bottom,  ribs,  and  roof  are  one  and  in- 
divisible, the  floor  is  an  element  of  strength  and  prevents  the  roof  from 
breaking.  Just>  as  the  lower  flange  in  a  rail  helps  the  ball  of  the  rail  to 
support  the  weight,  so  does  the  floor  help  sustain  the  roof  so  long  as  the 
former  is  unbroken. 
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Fig.  17  shows  the  large  amount  of  distortion  needed  to  permit  the  fall  of  one  leaf 
of  a  broken  cumoid,  or  conchoid,  1,000  ft.  deep. 

Fig.  18  shows  how  this  distortion  is  secured  by  repeated  horizontal  shears  at  places 
of  weakness. 


One  of  the  patented  features  of  the  Luten  bridge  construction  is  its 
holoid  structure.  Luten  does  not  use  the  term,  but  nevertheless  the 
construction  is  closely  analogous  to  the  structure  I  have  been  describing. 
Luten  builds  not  one  bridge  but  two,  one  for  vehicles  to  pass  on  and  one 
to  bind  the  feet  of  the  piers  together  so  as  to  form  a  perfect  holoid. 
Destroy  the  lower  bridge  and  the  upper  or  traveling  bridge  is  in  a  pre- 
carious condition.      (See  Fig.  15.) 
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The  holoid  structure  gives  the  strongest  of  roofs;  the  pyoid  is  less 
strong;  the  cumoid  is  still  weaker.  Every  horizontal  shear  makes  the 
roof  progressively  less  stable.  Strange  to  say,  vertical  cracks  permit  the 
replacement  in  many  cases  of  a  less  stable  by  a  more  stable  structure. 
The  fractures  in  a  vertical  direction,  which  would  ordinarily  be  thought 
more  detrimental  than  those  in  Any  other  direction,  prove  not  unim- 
portant, it  is  true,  yet  in  a  way  strengthening. 

When  a  cumoid  of  great  depth  finds  itself  inadequate  to  its  own 
support  as  a  cumoid  and  begins  to  rend  vertically  from  the  surface  down- 
ward to  its  supports  and  upward  from  the  span  centers  to  the  surface, 
then  the  cumoid  beam  becomes  an  arch,  and  the  cumoid  plate  becomes  a 
dome  and  until  it  fails  in  its  new  structural  relations,  it  cannot  continue 
to  extend  those  rents  which  threatened  its  stability.  Let  us  say  that  the 
cumoid  has  become  a  conchoid  (from  conchtta,  a  shell),  the  lines  of  stress 
forming  figures  resembling  the  shell  of  a  bivalve. 

As  the  elements  of  which  the  roof  consists  crowd  each  other  into  the 
opening  it  is  impossible  for  the  roof  to  rupture  or  fall  until  the  various 
strata  cease  to  act  as  a  unit  and  begin  to  slide  past  each  other.  (See  Fig. 
16.)  If  we  imagine  an  element  of  rock  stretching  from  a  rib  to  the  half 
span,  a  distance,  let  us  say,  of  100  ft. ;  if  we  further  suppose  the  excavated 
coal  or  other  mineral  to  be  10  ft.  thick,  and  regard  the  rib,  floor,  and  fall- 
ing rock  element  to  be  so  adamant  that  none  of  the  three  will  crush,  heave 
or  bend,  then  the  inclination  of  the  element  when  one  corner  reaches  to 
the  floor  will  be  10  per  cent. 

If  the  excavation  is  1,000  ft.  below  the  surface,  the  displacement  of  the 
block  at  the  surface  would  have  to  be  100  ft.  (See  Fig.  17.)  At  a 
greater  depth  the  displacement  would  be  more.  It  is  needless  to  say  such 
a  displacement  cannot  occur  even  where  the  crop,  broken  roof,  or  the  sags 
in  nearby  workings  make  a  certain  amouht  of  lateral  adjustment  possible. 
But  horizontal  shear  along  weak  planes,  such  as  beds  of  clay  or  coal  or 
stratification  planes,  will  permit  such  a  number  of  readjustments  in  the 
element  of  rock  itself  that  it  will  be  able  to  come  down.  It  will,  in  fact, 
rather  tend  to  tilt  than  actually  upset  forward.     (See  Fig.  18.) 

This,  then,  is  how  the  end  comes  unless  the  rock  is  too  strong  to  shear 
horizontally.  Subsidence  ceases  when  the  required  deformation  has 
taken  place.  The  choking  up  of  the  falls  probably  has  but  little  to  do 
with  the  final  result,  though  it  may  have  its  effect  in  some  cases.  In  fact, 
the  theory  as  given  is  comforting  to  the  conservationist,  as  the  beds 
above  the  one  extracted  suffer  but  little,  being  exposed  only  to  the 
horizontal  shearing  process,  which  is  by  no  means  destructive  of  the 
integrity  of  the  measures. 

However,  the  rupture  at  the  half  span  may  often  result  in  falls  of 
moderate  size  at  that  point,  for  when  the  monolithic  roof  is  weakening  by 
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successive  horizontal  shears,  we  have  a  series  of  superposed  cantilever 
cumoids  entirely  unequal  to  the  task  of  self  support.  If  the  action  which 
forms  these  cumoids  does  not  let  them  all  down  to  the  floor  suddenly,  they 
will  be  sure  to  fracture  successively  from  the  bottom  upward,  and  such 
seams  of  mineral  as  partake  of  this  independent  action  will  be  destroyed. 
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Kick  vs.  Rittmger:  An  Experimental  Investigation  in  Rock  Crushing^ 

Performed  at  Purdue  University 

BT  ARTHUR  O.   GATES,*  B.S.,   M.E.,   MI8HAWAKA,   IND. 
(San  Francisco  Meeting,  September,  1915) 

Introduction 

Rittingbr's  law  of  the  energy  expended  in  crushing  is,  as  roughly 
stated  by  Professor  Richards,*  that  the  work  of  crushing  is  proportional 
to  the  reduction  in  diameter;  or,  as  I  have  more  fully  expressed  it: 

''The  work  done  in  crushing  is  proportional  to  the  surface  exposed  by  the  opera- 
tion; or,  better  expressed  for  this  purpose,  the  work  done  on  a  given  mass  of  rock  is 
proportional  to  the  reciprocal  of  the  diameter  of  the  final  product — assuming  that  all 
the  mass  has  been  reduced  to  one  exact  size,  which  is  only  theoretically  possible.''* 

Kick's  law  is  stated  by  H.  Stadler  as  follows:' 

''The  energy  required  for  producing  analogous  changes  of  configuration  of  geo- 
metrically similar  bodies  of  equal  technological  state  varies  as  the  volumes  or  weights 
of  these  bodies." 

In  other  words,  the  energy  expended  is  porportional  to  the  volume 
reduction,  instead  of  the  diameter  reduction.  * 

That  these  two  laws  would  give  widely  different  results  may  be  shown 
by  a  simple  imaginary  case.  A  ton  of  16-in.  cubes  is  broken  to  1-in. 
cubes  at  the  first  operation,  and  these  are  broken  to  Ke'^'^*  cubes  at  a 
second  operation.  Since  the  first  operation  produces  only  one-sixteenth 
as  much  new  surface  as  the  second,  the  ratio  of  energy  expended  in  the 
two  operations  would  be  by  Rittinger's  law  as  1  to  16.  By  Kick's  law, 
since  the  volume-reduction  ratio  is  the  same  in  both  cases,  the  ratio  of 
energy  would  be  1  to  1.  This  discrepancy  is  great  enough  to  challenge 
a  test  by  actual  experiment,  of  which  there  has  been,  hitherto,  but  little 
compared  with  the  amount  of  argument.    The  present  paper  is  the  record 

*  Sales  Engineer,  Dodge  Sales  &  Engineering  Co. 
I  Ore  Dressing,  p.  304  (1903). 

*  Engineering  and  Mining  Joumaly  vol.  xcv,  No.  21,  p.  1039  (May  24,  1913). 

'  Grading  Analyses  and  Their  Application,  Transactions  of  the  Institution  of  Mining 
and  MetaUurgyy  vol.  xix,  p.  478  (1910-11).  The  original  statement  will  be  found  in 
Dqjb  Gesetz  der  proportionalen  Widersidnde,  by  F.  Kick. 
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of  such  a  test,  and  is  offered  as  showing  that  Rittinger's  theory  more 
nearly  represents  the  actual  facts  that  any  other  proposed  hitherto. 

Mr.  Stadler,  in  the  paper  abeady  cited,  applying  to  rock  fracture 
Kick's  law  (which  I  accept  as  applicable  to  the  deformation  of  elastic 
bodies),  proves  that  the  stamp  mill,  working  on  relatively  coarse  feed, is 
several  times  as  efficient  as  the  tube  mill  on  fine  feed,  this  relation  being 
expressed  in  what  he  calls  "relative  mechanical  energy  per  horsepower." 
He  distributes  his  energy  units  among  the  various  sizes  produced,  ac- 
cording to  Kick's  law.  But  my  results  show,  among  other  things,  that 
many  more  of  Stadler's  energy  units  are  obtained  per  foot-pound-applied 
in  coarse  than  in  fine  crushing.  This  suggests  a  doubt  as  to  the  correctness 
of  his  unit,  since  one  would  expect  a  foot-pound-applied  to  produce 
the  same  number  of  ''energy  units,"  whether  the  feed  and  resulting 
product  were  coarse  or  fine.  When  Rittinger's  theory  is  applied,  the 
number  of  mesh-tons  (my  unit  of  surface  produced)  is  nearly  propor- 
tional to  the  foot-pounds-appUed,  whether  the  product  be  coarse  or  fine; 
hence  my  conclusions  favor  the  simple  Rittinger  theory  that  surface 
produced  is  proportional  to  energy  appUed. 

The  Two  Laws 

1.  It  is  the  purpose  of  this  paper  to  record  and  interpret  a  series  of 
experiments  made  for  the  purpose  of  studying  the  consumption  of  energy 
in  the  crushing  or  fracturing  of  rock  particles  both  coarse  and  fine.    At 
the  start,  the  expectation  was  to  determine  constants  according  to  the 
Rittinger  theory  for  several  rocks,  whereby  it  would  be  possible  to  calcu- 
late absolute  crushing  efficiencies  of  machines  crushing  such  rocks,  or  to 
predetermine  what  a  machine  would  accomplish  in  the  way  of  tonnage 
and  screen  analysis  upon«i  given  rock,  knowing  what  the  machine  ac- 
complished upon  another  rock  whose  constants  were  likewise  known. 
While  approximate  constants  for  a  few  rocks  were  determined,  the  results 
indicated  that  an  amount  of  work  (perhaps  with  the  microscope  upon 
sizes  too  small  to  be  screened)  greater  than  could  be  accomplished  by  a 
single  investigator  would  be  necessary  to  determine  these  constants  with 
reasonable  accuracy.    For  this  reason  no  constants  are  submitted  as  such 
in  this  paper. 

2.  It  is  possible,  however,  to  compare  by  means  of  these  experiments 
the  two  antagonistic  "laws"  of  crushing  already  mentioned.  The  frac- 
ture of  cubes  by  compression  in  a  testing  machine  produces,  in  nearly  all 
cases,  pyramids  of  the  same  general  shape  (Fig.  1),  indicating  that  the 
stresses  are  greatest  along  certain  planes  of  fracture;  and,  since  the  rela- 
tive movement  must  have  been  greatest  along  these  fracture  or  shear 
planes,  the  greatest  amount  of  energy  must  have  been  expended  there. 
While  I  know  of  no  tests  that  show  that  the  several  pieces  return  to  the 
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dimensions  existing -before  the  break,  it  seems  reasonable  that  they  do, 
and  that  they  do  not  retain  the  deformation.  All  that  has  resulted  from 
the  pressure  and  consequent  movement  is  crafks.  They  are  new,  -while 
the  particles  resulting  are  of  the  same  form  and  specific  gravity  as  they 
were  before  separation,  and  if  put  together  accurately  the  dimensions  of 
the  mass  would  be  the  same. 


Ill 


RiUinger^s  Law 


3.  Rittinger's  theory  is  the  law  of  the  cracks.  It  is  well  explained  in 
an  article  by  E.  A.  Hersam  in  the  Mining  and  Scientific  Press,  an  abstract 
of  which  is  given  in  the  third  volume  of  Richard's  Ore  Dressing,  and  to 
which  I  acknowledge  my  indebtedness  for  some  of  my  ideas  and  methods.. 

4.  The  mathematics  of  this  theory  follow: 


FiQ.  1. — Fractttrb  op  Cube  in  Practice.     Fig.  2. — Theoretical  Fracture. 


Assume  a  cube  of  rock  (Fig.  2)  of  side  D,  divided  into  smaller  cubes 
by  planes  passing  through  it  in  three  directions,  as  shown.  The  surface 
of  the  original  cube  being  6D*,  the  aggregate  surface  of  the  smaller  cubes 
will  be  6ND*,  and  the  new  surface  exposed  will  be  6(N  —  1)D*.    The 

N 
theoretical  mesh  or  reciprocal  of  diameter  of  new  particles,  M,  is  y/ 

whence  N=  MD;  and  the  aggregate  final  surface,  S  =  6ND'  =  6MD'. 
With  D  constant,  that  is,  starting  from  the  same  size  of  cubes  in  both 
cases,  S  :  S' :  :  M  :  M',  or  the  total  surfaces  of  equal  volumes  of  rock,  each 
composed  of  particles  of  uniform  size  and  shape,  are  to  each  other  as  the 
theoretical  mesh  or  the  reciprocal  of  the  diameter  of  the  particles  com- 
posing the  respective  masses. 

Suppose  the  surface  S  to  be  made  up  of  Xi  parts  (by  weight)  of  Mi 
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mesh  (theoretical),  X2  of  1^2,  Xs  of  Ms,  etc x«  of  Mn.     Then, 

S  =  kS^xM; 

that  is,  the  summation  of  \he  weights  by  the  theoretical  meshes,  where 
k  is  a  constant,  six  times  the  volume  of  unit  weight  of  the  rock.     If  differ- 
ent rocks  were  considered,  specific  gravity  would  enter  into  the  value  of  k. 
Likewise, 

S'  =  kSyM' 

Now  where  S  was  the  surface  existing  on  the  mass  before  breaking,  and 
where  S'  is  the  total  surface  existing  after  the  breaking,  the  new  surface 

S'  -  S  =  k2:(x'M'  -  xM) 

For  a  given  screen  analysis,  weights  Qf  the  different  theoretical  meshes, 
we  may  plot  on  co-ordinate  paper  x  against  M  and  x'  against  M',  and 
obtain  a  crushing-surface  diagram  (Fig.  3)  representing  the  equation 
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Fig.  3. — Crushing-Surface  Diagram. 

above  given  for  new  surface,  the  area  between  the  steps  being  proportional 
to  the  diflference  in  surface  area.  If  we  take  closer  divisions  of  M, 
smaller  differences  in  x  will  result,  and  the  limits  of  such  divisions  will 
result  in  the  smooth  curves,  the  area  between  which  is  a  true  measure  of 
the  surface  produced. 

Thus,  on  the  Rittinger  theory  that  surface  produced  is  proportional  to 
energy  applied,  the  area  of  the  diagram  is  a  measure  of  the  energy  going 
into  the  crushing.  (It  should  be  distinctly  understood  that  bearing-  and 
gearing-friction  losses  should  not  be  included  in  the  energy-applied 
measured  by  the  crushing-surface  diagram,  and  that  it  is  therefore 
impossible  to  compare  the  two  laws  by  tests  upon  commercial  machines, 
unless  the  friction  losses  are  known.) 

The  Crushing-Surface  Diagram 

The  crushing-surface  diagram  has  the  advantage^  over  any  other 
graphic  method  of  comparing  screen  analyses,  that  it  shows  at  a  glance 
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the  "classification"  of  the  pulp,  the  distribution  of  the  surface,  and 
(according  to  the  Rittinger  theory)  the  energy  spent  in  its  production. 
As  the  cards  of  a  steam  engine  enable  us  to  determine  the  power  devel- 
oped, and  to  locate  faulty  o[>eration  or  design,  so  the  crushing-surface 
diagram  enables  us  to  determine  the  power  consumed,  and  to  locate 
points  at  which  the  crushing  practice  may  be  improved  and  faults 
remedied  in  design.* 

5.  From  my  original  article  on  The  Crushing-Surface  Diagram,  *  I 
take  Fig.  4  and  the  following  theoretical  proof  of  the  Rittinger  theory: 


Fig.  4. — RrrnNOER's  Law. 
100-Meah  Cube  200-Mesh  Cube 

.4n;a  one  section  =  A  Area  one  section  —  j- 

Avera^  reaietance  to  shear  per  aq.  in.  —  F 
Energy  -  f  AD  Energy  =  F^D 

Surface  produced  =  2A  Surface  produced  =  2  . 

.'.  Energy  Proportional  to  Surface. 

Suppose  it  were  possible  to  bold  two  similar  cubes  between  the  two  offset  faces 
as  shown,  and  that  forces  were  appUed  until  the  deformation  shown  by  the  dotted 
linea  was  obtained,  it  will  be  seen  that  only  the  molecules  along  the  vertical  center  line 
[it  should  read  plane!  are  stressed  and  deformed,  the  mass  of  the  cube  away  from  this 
surface  receiving  practically  no  pressure  or  deformation.  The  energy  in  this  case 
required  to  produce  rupture  will  be  the  product  of  the  average  reeistance  to  sbeanng 
per  square  inch  by  the  area  along  which  rupture  takes  place,  and  by  the  distance  the 
two  offset  faces  move  together.  The  average  resistance  to  shearing  is  a  variable 
quantity,  as  the  deformation  increases  up  to  rupture.  To  reduce  to  cubes,  this 
amount  of  energy  must  be  multiplied  by  three,  as  three  similar  fracture  planes  must 
be  made  to  produce  cubes.  And  it  will  not  be  hard  to  see  that  the  distance  through 
which  the  offset  faces  must  move  in  either  case  must  be  the  same  and  not  proportional 
lo  the  thickness  of  the  piece.  To  break  the  molecular  bond  between  adjacent  parti- 
cles would  require  the  same  movement,  regardless  of  the  thickness  of  the  piece. 

"it  will  be  noted  that  if  eight  of  the  half-diameter  cubes  be  sheared  to  produce 
cubes  of  half  their  size,  the  new  surface  presented  will  be  double  that  formed  when  the 
single  large  cube  is  sheared  into  half^iie  cubes,  and  also  that  the  energy  required  in 
the  ease  of  the  smaller  cubes  is  double  that  required  in  the  case  of  the  larger  cubes. 
This  should  demonstrate  that  energy  applied  to  crushing  is  proportional  to  the  sur- 
face produced." 

*  This  matter  has  been  discussed  in  my  article,  Applications  of  the  Crushing- 
Surface  Diagram,  Bnifinemng  and  Mining  Journal,  Apr.  18,  1914. 
'  Eng.  and  Min.  Jour.,  May  24,  1913. 
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Of  course  the  above  passage  states  a  theoretical  case  of  shear,  and  it 
is  not  to  be  expected  that  cubes  can  be  held  in  the  manner  shown;  in 
practice  the  breaks  occur,  perhaps,  as  in  Figs.  1  and  5. 

6.  New  units  are  apparently  necessary  when  using  the  crushing- 
surface  diagram.  The  term  ''mesh-grams'*  as  a  proposed  unit  for  crush- 
ing constants  and  measurement  of  surface  I  have  defined  as  ''the  surface 
produced  by  a  theoretical  crushing  operation  in  which  one  gram  of 
particles  of  the  same  diameter  are  all  reduced  to  a  diameter  whose 
reciprocal  is  one  greater  than  before  reduction.''  The  unit  "mesh-ton" 
I  have  similarly  defined  as  "the  increased  surface  produced  by  crushing 
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Fia.  5. — Beginnings  op  Fracture. 

all  particles  of  a  ton  of  rock  to  a  diameter  whose  reciprocal  is  one  greater 
than  in  its  previous  condition."® 

As  the  crushing  contemplated  in  the  definitions  is  only  theoretically 
possible,  a  couple  of  examples  may  explain  them  better.  Shapes  re- 
maining the  same,  preferably  cubes  for  argument's  sake,  during  all  stages^ 
of  the  crushing,  if  1  g.  of  0.1-in.  rock  (reciprocal,  10)  be  crushed  until 
it  is  all0.05-in.  (reciprocal,  20),  the  new  surface  produced  is  10  mesh-grams. 
Or  if  10  g.  be  reduced  to  exactly  0.01-in.  from  exactly  0.1-in.  particles, 
there  will  be  an  increase  of  10  times  100  minus  10  times  10,  or  900  mesh- 
grams.  Mesh-pounds,  mesh-ounces,  mesh-percentages,  etc.,  are  simi- 
larly justified  and  defined. 


•  TrauB.,  xlvii,  59  (1913). 
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7.  The  term  "mesh"  for  a  measurement  has  been  objected  to,  as 
ambiguous  in  meaning.  Some  other  short  term  may  be  desirable  to  take 
its  place  in  forming  these  compound  names  for  surface  produced.  But 
nothing  better  has  been  suggested.  "Reciprocal"  (of  diameter)  is  too 
general  and  too  long;  "theoretical  mesh-tons"  is  likewise  too  long  and  is 
also  liable  to  misinterpretation;  "dia-ton"  has  been  suggested;  but  it 
would  hardly  do  to  speak  of  "dia-grams"  in  connection  with  a  diagram. 
Perhaps  "pitch-grams,"  "pitch-tons,"  etc.,  would  be  satisfactory,  pitch 
being  defined  as  the  theoretical  mesh  or  reciprocal  of  diameter(prbbably 
in  inches).  I  would  here  again  point  out  that  these  quantities  are 
measures  of  surface,  and  that  the  weight  element  is  only  permitted  to 
enter  on  the  basis  of  equal  specific  gravity;  where  the  specific  gravity 
varies,  a  correction  must  be  made  for  it. 

8.  Again  I  quote  from  my  original  paper  my  interpretation  of  Kick's 
Jaw,  Stadler's  statement  of  which  I  have  given  above: 
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Fig.  6. — Kick's  Law. 

200-Mesh'  Cube 

Area  one  face  =  . 

4 

Average  resisting  force  per  sq.  in.  =F 
.*.  Energy  Proportional  to  Volume. 


"  This  law  does  not  apply  so  much  to  crushing  as  to  deformation  of  bodies  before 
rupture  takes  place. 

''In  Fig.  6  are  represented  two  particles  of  ore  *of   equal  technological  state,' 

shown  as  cubes  between  the  faces  of  a  crushing  or  testing  machine.     Assuming  the 

theoretical  mesh,  equivalent  to  the  reciprocal  of  diameter,  and  using  concrete  values, 

we  have  a  100-mesh  particle  with  eight  times  the  volume  of  the  200-mesh  particle,  and 

with  an  area  per  face  four  times  that  of  the  200-me8h  particle.     The  dimensions  are  as 

two  to  one,  and  the  bodies  being  similarly  deformed  within  the  elastic  limit  without 

fracture,  the  energy  that  must  be  applied  in  each  case  to  produce  this  deformation  is 

the  product  of  the  average  resisting  force  per  square  inch,  the  same  in  both  cases,  by 

the  area  worked  against  and  by  the  distance  through  which  this  average  force  works. 

As  shown  in  the  figure,  in  this  particular  instance  the  energy  absorbed  is  proportional 

to  volume,  and  it  can  be  similarly  shown  for  the  general  case.     On  the  gradual  release 

of  the  external  pressure  the  energy  absorbed  is  given  back  to  the  machine  producing 

the  deformation  [better,  which  produced  the  deformation]  and  the  body  returns  to 

its  original  shape.    It  should  be  noted  that  the  body  has  been  deformed  only  by  a 

gradually  increasing  pressure,  the  first  increment  of  deformation  not  requiring  so 

much  pressure  as  the  last.     In  case  the  body  has  been  deformed  beyond  its  elastic  limit 
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eilfier  the  whole  maaa  of  particlea  have  been  reduced  to  the  molecular  state  by  the  Jnmg 
of  their  bonds  vfith  adjacent  partideSf  which  never  fiappenSf  or  fracture  takes  place  amg 
a  few  surfaces  by  the  breaking  down  of  some  of  the  weaker  bonds,  and  the  particles  thus 
formed  are  free  to  resume  their  original  shape  in  so  far  as  they  are  not  held  beweenthe 
machine  surfaces.  The  energy  given  up  by  them  is  probably  used  in  some  sort  of 
lever  action  in  making  fracture  planes.  So  the  energy  absorbed  according  to  Kick's 
law  does  not  stay  in  the  particles  after  pressure  is  released  and  therefore  this  does  not 
govern  to  any  great  extent  the  amount  of  energy  absorbed  in  crushing." 

Kick's  Law 

It  is  evident  to  the  engineer  that  Kick's  law  as  explained  above  is  but 
another  form  of  the  law  of  elastic  bodies:  namely,  that  within  the  "elastic 
limit"  stress  is  proportional  to  deformation. 

10.  There  is  no  incompatibility  between  the  Rittinger  theory  and  the 
laws  of  elastic  bodies  such  as  glass,  steel,  rock,  etc.  Up  to  the  elastic 
limit,  deformation  is  proportional    to  stress,  and  absorbed  energy  is 


Deflection 

Fig.  7. — Stress-Strain  Diagram. 


proportional  to  the  volume  of  the  particle  stressed,  according  to  Kick's 
law.     In -Fig.  7  the  area  0yd  is  a  measure  of  this  energy.     When  pressure 
within  the  elastic  limit  is  released  the  body  returns  to  its  fonner  shape, 
there  having  been  no  interior  breaks  so  far.    When,  however,  the  elastic 
limit  has  been  exceeded,  certain  local  ruptures  have  taken  place  within 
the  body  at  points  weaker  than  others;  these  breaks  occur  consecutively 
or  simultaneously  at  various  places  within  the  body,  and  upon  release  of 
pressure  the  body  is  found  upon  careful  measurement  to  have  taken  on  a 
permanent  "set.**    The  first  fracture  noticeable  occurs  after  several 
ruptures  have  weakened  the  body  at  one  point,  which  may  be  along  a  plane 
of   greatest    resultant    stress,    or    of   structural    weakness.     Referring 
back  to  Fig.  7,  the  elastic  limit  having  been  exceeded,  as  pressure  is 
gradually  released,  its  relation  to  the  deformation  is  shown  by  the  line 
af,  the  area  afn  being  a  measure  of  the  energy  given  back  to  the  machine 
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{by  Kick's  law),  while  the  area  Of  a  is  a  measure  of  the  energy  absorbed 
by  the  local  breaks,  which  may  or  may  not  have  become  visible.  la  the 
case  of  a  wrought-iron  or  mild-steel  test  bar  undergoing  tension  between 
the  jaws  of  a  testing  machine,  local  ruptures  are  probably  occurring 
throughout  the  bar,  reducing  the  section  at  those  points  of  weakness,  and 
putting  greater  load  upon  adjacent  particles  which  may  be  then  able  to 
carry  the  load  better. 

The  final  rupture  of  the  steel  bar  occurs  when  a  number  of  local 
breaks  at  one  particular  section  have  so  weakened  the  bar  that  all  the 
work  the  machine  is  doing  is  concentrated  at  that  section,  as  shown  by 
the  "necking  in"  just  before  failure  takes  place.  Unquestionably  in 
spite  of  the  permanent  set  in  the  test  specimen  away  from  the  point  of 
failure,  the  majority  of  the  crystals  composing  the  specimen  are  in  the 


Fig.  S.-tShbariko  Mdtal  Bar  in  Comuercial  Machwe. 

same  form  as  before  the  test,  but  some  have  slipped  away  from  others 
and  there  is  a  new  adjustment  due  to  the  failure  of  the  few  which  could 
not  hold  on,  the  others  at  that  section  being  in  position  to  support  the  load 
for  a  further  period.  If  it  were  wrought  iron,  we  could  say  the  fiber 
slipped  along  the  slag  or  impurities  between  fibers  until  the  slipping 
fibers  were  crowded  so  that  they  obtained  a  sort  of  "strangle  hold." 

10.  In  the  case  of  the  shearing  of  iron  and  steel  bars,  it  has  been  shown^ 
that  the  depth  of  penetration  (the  distance  traversed  by  the  cutter  before 
separation  takes  place)  is  not  proportional  to  the  thickness  of  the  metal, 
as  it  would  be  in  case  Kick's  law  applied,  but  is  proportionully  greater  in 
thin  sheets  than  thick — about  75  per  cent,  of  the  thickness  in  the  case  of 
sheets  }^  in.  thick,  and  about  25  per  cent,  in  the  case  of  sheets  1  in.  thick. 
>  jlfn«rtcan  Mackiniit,  ISOfi^  see  references  in  J.  D.  Hoffman's  Machine  Design. 
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On  the  face  of  it,  this  fact  does  not  uphold  the  theoretical  argument  for 
Rittinger  any  more  than  for  Kick,  but  let  us  look  farther. 

In  a  commercial  shearing  machine  we  do  not  get  true  shear,  but  a  con- 
dition shown  in  Fig.  8.  The  material  is  compressed  under  the  blades  of  the 
shear,  which  are  themselves  somewhat  distorted  during  the  operation,  and 
failure  is  due  to  tension  in  a  line  inclined  to  the  plane  of  the  cutting  edges. 
In  the  case  of  a  thick  plate  there  would  be  more  deformation  of  the  cutting 
edges  due  to  the  higher  resistance  of  the  material,  and  more  of  a  width 
concerned  than  in  the  case  of  thin  sheets.  When  a  hole  is  punched  in  steel, 
there  is  a  volume  of  material  around  it  that  must  be  removed  for  first-class 
work;  this  volume  is  probably  full  of  minute  fractures  the  area  of  which 
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Fig.  9. — Mechanical  Value  Diagram. 

cannot  be  measured.  I  am  told  that  rock  crushed  for  concrete,  is  seen 
upon  microscopic  examination  to  be  full  of  minute  fractures,  due  to  the 
crushing,  which  cause  each  piece  to  be  weaker  than  a  natural  pebble  of 
the  same  mineral  and  size.  If  the  rock  were  uniformly  full  of  these 
invisible  fractures,  Kick's  law  would  apply  in  spite  of  all  our  theoretical 
reasoning.  Just  as  in  the  case  of  the  hole  punched  in  steel,  I  believe  that 
these  minute  fractures  in  the  rock  are  close  to  the  fracture  planes. 

11.  A.  F.  Taggart,  has  discussed^  Kick's  law  thoroughly  froni  the 
standpoint  of  its  advocates  and  there  is  no  reason  for  a  repetition  of  his 
work.  However,  taking  it  at  their  valuation,  and  using  data  obtained 
from  Stadler's  papers  already  referred  to,  we  can  by  reasoning  similar  to 

•The  Work  of  Crushing,  Trans,  xlviii,  153  (1914). 
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that  already  employed  develop  a  diagram  for  energy  absorbed  similar  to 
the  crushing-surface  diagram.     (Fig.  9.) 

With  constant  weight  and  similar  shapes,  Stadler  allows  one  energy 
unit  (E.  U.)  for  each  reduction  to  one-half  the  volume  immediately 
preceding.     Expressed  mathematically, 

/D\»       V 

(d)    =  V  =  2(E-  U.) 

Or,  as  more  frequently  expressed, 

log  V  -  log  V  =  (E.  U.)  log  2 


Whence 


(E  U)  =  (logV  -  logv)  ^  g  .(log_D  -  1??^) 
^    '     "^  log  2  log  2 


D  and  d  being  initial  and  final  dimensions,  V  and  v  being  initial  and  final 
volumes.  For  example:  Reducing  1-in.  cubes  to  one-half  volume,  1 
E.  U.  has  been  expended;  reducing  to  one-fourth  volume,  2  E.  U.;  to  one- 
eighth  volume,  3  E.  U.;  to  one-fourth  dimensions,  6  E.  U.;  to*  eighth 
dimensions,  9  E.  U.;  and  so  on.  Reducing  from  100  in.  diameter  to  1  in. 
the  same  number  of  E.  U.  are  expended  as  from  1  in.  to  0.01  in.,  or  as  from 
0.01  in.  to  0.0001  in.  (all  on  quantities  of  the  same  volume,  both  here  and 
in  th.e  previous  sentence).  Of  course  various  sizes  are  produced  in  crush- 
ing, and  each  grade  or  size  has  a  different  value,  the  same  reasoning  apply- 
ing as  in  section  4,  above. 

Suppose  mechanical  value  W  be  made  up  of  Xi  per  cent,  of  E.  U.i, 
X2  per  cent,  of  E.  U.2,  etc Xn  per  cent,  of  E.  U-n)  then 

W  =  c^^    X  E.  U.,  before  the  crushing  operation,  and 

W  =  c^     x'  E.  U'.  after  crushing. 

The  new  mechanical  value,  W  -  W'  =  c^?  (^  E.  U.  -  x'  E.  U'.). 

Plotting  X  against  E.  U.,  we  have,  when  the  limiting  curves  are  drawn, 
a  diagram  (see  Fig.  10)  similar  to  the  crushing-surface  diagram,  the  area  of 
which  is  a  measure  of  the  mechanical  value  of  the  crushing  operation  or  the 
energy  units  (E.  U.)  absorbed.  (Percentages  should  be  expressed  deci- 
mally in  the  above  calculations.)  The  mechanical  value  of  sands  given 
in  E.  U.  from  the  diagram  is  multiplied  by  the  tonnage  per  day  (or  hour) 
and  divided  by  the  horsepower,  giving  the  relative  mechanical  efficiency, 

12.  The  E.  U.  per  foot-pound  applied  upon  100  g.  as  found  from  these 
mechanical-value  diagrams  compared  with  mesh-grams  per  foot-pound 
as  found  from  crushing-surface  diagrams  for  the  same  crushing  operation 
will,  if  covering  a  range  of  operations  show  which  of  the  two  laws  under 
consideration  is  consistent  with  the  facts.    This  is  the  method  used  in 
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comparing  my  results.  (In  Fig.  9,  it  will  be  noted  that  the  theoretical 
mesh  or  reciprocals  of  diameter  are  designated  at  the  corresponding 
"Ordinal  numbers  of  energy  units,"  which  is  self-explanatory,  and  per- 
haps permits  easier  comparison  with  the  crushing-surface  diagram  for  the 
same  crushing  operation.)  The  foUowing  comparisons  based  upon  the 
experimental  work  performed  show  that  the  Rittinger  theory  applies  to 
crushing  operations  and  that  Kick's  does  not.  There  are  discrepancies 
when  we  apply  the  Rittinger  theory;  but  these  can  be  explained  reason- 
ably by  considering  the  expenditure  of  energy  upon  the  sizes  finer  than 
our  screen   permits  our  measuring,  which  must  present   considerable 
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Fig.  10. — Energy  Diagram. 


surface,  if  we  assume  that  the  curve  of  the  screen  analysis  continues  to 
follow  the  same  law  into  the  finer  sizes  as  among  those  already  measured. 


Method  op  Tests 

13.  In  this  work  one  or  many  pieces  of  rock  were  compressed  between 
the  faces  of  the  Amsler-LaflFon  hydraulic  testing  machine  in  the  Labora- 
tory for  Testing  Materials  of  Purdue  University.  (This  machine  is  de- 
scribed in  the  appendix.)  The  movement  between  the  faces  (similar  to 
those  of  a  crusher)  was  measured  by  a  deflectometer  having  a  vernier  on 
wliich  movements  of  0.001  in.  could  be  read,  while  the  pressures  between 
faces  was  read  upon  a  dial  to  a  maximum  of  1 50,000  lb.'  The  product  of  tlie 
average  pressure  (or  rock  resistance)  by  the  distance  through  which  ihsLt 
pressure  was  exerted  is  work  or  energy,  and  easUy  reduced  to  foot-pounds. 
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I  found  it  easier  to  plot  my  results  as  obtained,  pressure  against  distance, 
as  shown  in  Fig  10,  the  area  of.  the  closed  curve,  completed  by  the  record 
of  pressure  and  distance  when  pressure  was  gradually  released,  being  a 
measure  of  the  energy  in  inch-pounds  (divided  by  12  equals  foot-pounds). 
This  energy  as  foot-pounds,  or  as  horsepower-hours,  can  be  compared 
with  the  surface  produced  as  shown  by  the  crushing-surface  diagram  of 
the  screen  analyses  of  initial  and  final  products  of  the  operation;  and  it 
can  likewise  be  compared  with  the  energy  units  (E.  U.)  of  Stadler,  as 
shown  by  mechanical-value  diagrams  similar  to  Fig.  9.  By  crushing  the 
same  amount  of  rock  from  coarse  to  medium,  from  medium  to  fine,  from 
fine  to  very  fine,  etc.  (coarse  and  fine  being  merely  relative  terms),  the 
two  laws  may  be  compared  through  a  suflScient  range  to  detect  any  ab- 
normal results  or  inconsistencies. 

14.  To  each  test,  whether  it  involved  one  or  several  consecutive  crush- 
ing operations,  was  given  a  letter  by  which  it  is  designated  throughout  this 
paper.  My  records  are  in  the  form  of  crushing-surface  diagrams  with 
the  weights  marked  to  place  as  plotted.  From  these  the  mechanical- 
value  diagrams  must  necessarily  be  derived,  as  this  work  was  not  under- 
taken primarily  to  settle  the  case  of  Kick  vs.  Rittinger.  The  pressure- 
deformation  curves  were  plotted  directly  in  a  similar  manner  without 
recording  numerical  readings.  The  advantage  of  recording  by  plotting 
the  observations  directly  upon  co-ordinate  paper  is  the  speed  at  which  it 
is  done,  and  the  check  afforded  by  the  shape  of  the  curve.  It  is  hoped 
that  the  work  will  be'acceptable  in  its  present  form,  as  numerical  tabula- 
tions would  add  nothing  of  value  to  this  paper.  So  far  as  possible  the  re- 
sults of  calculations  are  given  in  the  diagrams,  and  hence  it  will  be 
unnecessary  for  the  reader  to  refer  back  and  forth  from  text  to  diagram 
to  any  great  extent. 

15.  As  the  crushing-surface  diagram  does  not  depend  upon  any  definite 
system  of  screens  so  long  as  the  aperture  be  known,  all  the  screens  used 
were  measured  with  a  Bausch  &  Lomb  microscope  having  a  scale  reading 
to  3^500  ini->  aiid  the  reciprocals  of  diameter  of  these  apertures  were  used 
in  plotting.* 

Certain  of  the  finer  sizes  were  screened  through  bolting  cloth  held  in 
embroidery  frames.  I  have  suggested  specially  prepared  plotting  paper. 
I.e.,  with  vertical  lines  drawn  in  at  the  reciprocals  of  diameter  correspond- 
ing to  the  apertures  of  the  screens  used,  for  such  cases  as  the  Tyler  standard 
screen-scale  sieves,  or  the  I.  M.  M.  standard.  Since  this  paper  was  first 
submitted  to  the  Institute  and  of  course  since  the  work  was  done,  I  have 
discovered  that  cumulative  direct  diagram  sheets  with  Tyler  S.  S.  S. 

*  In  some  of  the  early  work  actual  screen  meshes  were  recorded,  but  for  the  sake  to 
uniformity  these  have  been  reduced  to  reciprocals  and  shown  as  though  recorded  that 
way. 
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sieves  are  desirable  for  this  work  and  that  there  is  no  need  of  any  other 
sheets  for  crushing-surface  diagrams.  Fig.  11  shows  a  crushing-surface 
diagram  on  this  paper,  the  plotting  running  in  the  opposite  direction 
from  that  for  which  it  was  designed;  1  sq.  in.  on  the  regular  sheet,  with 
screen  sizes  located  as  indicated,  representing  8.85  theoretical  mesh-tons 
of  surface  per  ton  of  ore  crushed. 

16.  All  results  have  been  modified  to  a  basis  of  100  g.,  so  that  per- 
centages required  for  use  with  E.U.  are  readily  obtained,  about  one-third 
of  the  tests  having  been  made  upon  a  definite  100  g.     In  none  of  the 
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Reciprocal  of  Diame+er 

Fig.  11. — Crushing-Surface  Diagram  on  Tyler  Cumulative  Direct  Sheet. 


tests  was  any  attempt  made  to  account  for  the  losses  occasioned  by  fine 
dust  floating  away,  or  by  coarser  pieces  shooting  off  as  they  were  fractured. 
In  no  case  could  these  be  more  than  2  per  cent.,  which  would  not  materially 
affect  the  results.  Extreme  accuracy  was  not  particularly  necessary 
in  this  work.  It  was  rather  a  reconnaissance;  and  if  more  than  three 
significant  figures  are  given  at  any  point,  too  much  importance  should 
not  be  attached  to  the  last  figure.  At  the  same  time  the  work 
was  carefully  done  and  the  record  carefully  made,  but  there  is  so 
much  unknown  that  I  would  not  care  to  defend  the  fine  details  of  my 
results. 
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Record  of  Tests 

17.  In  Fig.  12,  A  and  B  are  results  obtained  upon  a  tube-mill  feed,  a 
fairly  siliceous  gold  and  silver  ore  from  Mexico,  of  which  lOOg.  of  —  ^e-ii^- 
+4-mesh  pieces  were  crushed  by  two  movements  of  the  machine,  without 
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intermediate  screening,  the  purpose  being  to  crack  every  piece.  The 
energy  is  represented  by  the  areas  A-1  and  A-2.  It  is  of  interest 
to  note  how  the  release  of  maximum  pressure  is  usually  accompanied  by 
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some  movement  of  the  jaw,  as  in  this  case,  indicating  a  return  of  energy 
to  the  machine,  shown  in  the  diagram  by  the  slight  curve  back  to  the 
zero-pressure  line.  After  the  particles  adjusted  themselves  upon  release 
of  the  pressure  it  took  more  movement  between  the  crushing  faces  to  get 
up  to  the  previous  pressure,  as  indicated  by  the  gap  between  A-1  and  A-2. 
After  sizing  and  plotting  the  screen  analysis  in  the  form  of  a  crushing- 
surface  diagram  A,  the  particles  were  re-crushed  eight  times,  each  time 
being  screened  through  a  screen  of  about  30  mesh  to  remove  the  fines  and 
eliminate  the  condition  of  "choke  crushing"  as  far  as  possible,  the 
oversize  only  going  back  to  the  machine.  The  energy  areas  for  these 
eight  crushings  are  B-3,  B-4,  B-5,  B-6,  B-7,  B-8,  B-9,  and  B-10;  the 
screen  analysis  is  plotted  as  a  new  side  of  the  crushing-surface  diagram,  B. 
The  areas  of  the  energy  diagrams  A-1  and  A-2  were  found  by  planimeter 
to  be  1.40  and  2.38  sq.  in.  respectively,  a  total  of  3.78  sq.  in.  One 
square  inch,  for  the  scales  used,  being  equal  to  250  in.-lb.  or  20.83  ft.-lb., 
3.78  times  20.83  or  80.5  ft.-lb.  of  energy  was  expended  in  making  the 
crushing  A.  By  similar  reasoning,  the  area  of  the  crushing-surface 
diagram  A,  as  found  by  planimeter  (as  far  as  screeniiig  was  carried  out,  to 
the  200-mesh  sieve),  multiplied  by  the  value  of  its  unit  area  in  mesh- 
grams,  shows  that  1,400  mesh-grams  of  surface  was  produced.     From 

these  two  quantities,  a  value  of  ^tt-^  =  17.3  mesh-grams  per  foot-pound 

(+ 200-mesh  sieve)  was  obtained,  as  the  constant  to  be  used  in  calculating 
eflSciencies,  etc.,  for  this  rock.  Note,  however,  that  the  mesh-grams" 
entering  into  this  constant  are  only  those  "plus"  200-mesh  sieve,  and  that 
there  are  perhaps  more  mesh-grams  in  the  "minus"  200-mesh  than  in  the 
"plus,"  and  they  must  at  some  time  be  taken  care  of  in  calculations. 
It  is  these  "minus"  mesh-grams  which  will  account  for  the  discrepancies 
in  results  by  Rittinger's  theory,  and  which  will  not  account  for  discrep- 
ancies in  results  by  Kick's  law. 

18.  For  B,  the  total  energy  expended  was  401  ft.-lb.,  producing 
6,900  mesh-grams  (+200-mesh  sieve)  giving  a  unit  value  of  17.21  m^sh- 
grams  per  foot-^ound  "plus."  Fines  were  screened  out  after  each  jaw 
movement,  to  reduce  "choke  crushing." 

19.  Tests  E,  F,  G,  H,  J,  K,  L,  M,  and  N  were  made  upon  Bedford 
limestone,  the  first  in  July,  1912,  and  the  rest  in  July  and  August,  1913. 
This  is  one  of  the  best  known  building  stones  in  the  United  States.  It 
occurs  in  great  beds  in  southern  Indiana,  is  oolitic  in  texture  (weathering 
brings  out  myriads  of  fossils)  and,  because  of  its  apparent  uniformity, 
is  probably  as  good  a  rock  as  could  be  selected  for  a  standard.  (I  reserve 
the  right  to  change  this  opinion  later.)  The  particular  specimens  came 
from  stone  furnished  for  the  Purdue  Library  building. 

20.  The  crushing-surface  diagrams  of  E  and  F  (Figs.  5  and  4  in  my 
original  article  in  the  Engineering  and  Mining  Journal  of  May  24, 1913)  are 


AN  EXPERIMENTAL  INVESTIGATION   IN   ROCK  CRUSHING 


2039 


not  shown  here.  In  E,  practically  all  the  material  was  broken  in  the 
machine,  whereas  in  F,  a  great  many  pieces  between  30  and  80  mesh  were 
not  broken,  but  simply  had  their  edges  rubbed  off.     My  records  as  to  F 


H 

O 
H 
CD 

n 


A 

o 

n 
pq 


» 


t  3 


I 

Q 
H 

Q 
< 

CO 


Q 

< 

n 
u 

I 

O 

u 

CD 

p 


8  999S52SSSO$S^S^ 


CO 

1-1 

6 

PC4 


do  not  clearly  show  whether  I  screened  betwen  crushings;  this  was  done 
in  the  case  of  E. 

21.  Test  G  was  on  a  block  of  the  diemensions  shown  in  the  small 
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sketch  in  Fig.  13,  having  a  superficial  area  of  63  sq.  in.  and  a  weight  of 
approximately  1,031  g.  The  energy  curve  is  rather  long  drawn  out 
after  the  first  break,  and  the  irregularities  in  this  curve  may  be  explained 
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as  due  to  frequent  ruptures  of  fairly  large  pieces  where  the  load  drops 
back  almost  to  zero.  A  total  movement  of  nearly  2  in.  is  recorded:  here 
only  one  or  two  pieces  perhaps  were  resisting,  while  in  some  of  the  other 
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cases  a  great  many  pieces  were  resisting  at  one  time.  At  the  end  of  the 
first  )^  in.  of  movement  the  finer  pieces  were  screened  out,  and  the  larger 
returned  to  the  crushing  zone;  these  pieces  being  rather  flat;  about  2  per 
cent,  of  —200  mesh  being  produced. 
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22.  H,  shown  in  Fig.  14,  covers  the  results  of  crushing  four  pieces 
having  a  total  superficial  area  of  30.25  sq.  in.  and  a  total  weight  of 
175.5  g.  After  crushing,  eight  pieces  weighing  163  g.  had  an  area  of  30.25 
sq.  in.,  just  offsetting  the  original  area,  while  the  remaining  12.5  g. 
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were  screened,  and  the  results  were  plotted  as  a  crushing-surface  diagram. 
12.66  ft-lb.  were  expended  in  crushing  the  175.3  g.,  equivalent  to  7.2 
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ft-lb.  per  100  g.;  the  eight  pieces  noted  above  were  estimated  to  be  the 
equivalent  of  60  per  cent,  of  1  in.,  32.5  of  3^^  in.,  and  7.5  of  fines,  as  re- 
corded in  the  crushing-surface  diagram.    The  energy  cUrve  is  irregular  as 
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in  the  caae  of  G  and  for  the  Bame  reaBon,  movement  was  0.4  in. ;  there  was 
no  intermediate  screening. 

23.  In  3  (Fig.  15)  a  single  rectangular  piece  about  1  by  1.25  by  1.25 
in.,  weighing  33  g.,  was  crushed  to  pass  a  10-mesh  sieve,  with  one  inter- 
mediate screening.    After  a  deformation  of  about  0.6  in.  was  recorded 
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without  great  pressure,  the  pressure  goes  up  very  rapidly,  probably  by 
reason  of  the  packed  condition  of  the  particles,  a  great  number  resisting 
crushing.  After  screening  out  the  — 10  mesh  a  similar  energy  curv  e  is 
obtained  on  the  +10-me3h  pieces  The  crushing  surface  diagram  repre 
sents  the  combined  product  from  both  crushings      In  both  cases   the 
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packed  condition,  in  which  the  particles  rub  on  one  another  and  produce 
much  —200  mesh,  accounts  for  the  low  value  of  the  mesh-grams  per  foot^ 
pound. 

24.  Fourteen  very  Bat  pieces  weighing  55.6  g.,  with  about  20  sq.  in. 
of  surface,  averaging  in  size  about  0.76  in.  sq.  by  ^i  in.  thick,  were  sub- 
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jected  to  four  separate  crushing  operations,  K,  L,  M,  and  N;  as  shown  in 
Fig.  16.  The  first  crushing  K  was  continued  until  every  piece  was 
found  to  have  been  broken  at  least  once;  screen  analysis  was  then  made 
and  recorded  in  the  crushing-surface  diagram,  and  the  material  +100 
mesh  was  recrushed  as  L.  M  is  the  result  of  crushing  in  a  similar  manner 
the  +80  mesh  from  L;  and  N  is  similarly  the  result  from  the  +80  mesh 
of  M.  Each  crushing  was  carried  as  far  as  the  record  shows  without 
attempting  to  remove  any  fines,  although  in  the  case  of  N  pressure  was 
released  once  and  then  reapplied,  as  recorded,  in  an  endeavor  to  apply 
more  energy.  The  base  lines  of  L,  M,  and  N  separate  from  the  discharge 
or  product  lines  of  the  preceding  operations,  showing  the  smaller  quanti- 
ties of  material  crushed  in  each  case. 

25.  In  Fig.  17  the  results  obtained  in  A  and  B  on  the  siliceous  Mexican 
ore  have  been  plotted  in  a  mechanical-value  diagram.  For  the  coarser 
crushing  A,  0.041  E.  U.  per  foot-pound-applied  on  100  g.  was  the  result, 
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while  in  the  case  of  B  only  0.018  E.  U.  (etc.)  resulted,  125  per  cent,  mor^ 
being  produced  when  the  coarser  crushing  was  done.  If  graduated 
crushing  had  not  been  done,  more  energy  would  have  been  expended  upon 
the  —200  mesh;  and  I  believe  this  discrepancy  would  then  be  greater. 

26.  In  Fig.  18,  E,  F,  H,  and  J  (Bedford  limestone)  have  been  plotted 
as  mechanical-value  diagrams.  Note  how  the  E.  U.  per  foot-pound 
applied  on  100  g.  decrease  consistently  from  coarse  to  fine:  H,  0.375; 
J,  0.238;  E,  0.051;  and  F,  0.011.  Similarly  in  Fig.  19,  K,  L,  M,  and  N 
are  plotted  to  E.  U.  diagrams  with  results  decreasing  consistently  from 
coarse  to  fine:  K,  0.135;  L,  0.071;  M,  0.0544;  and  N,  0.0372  E.  U.  per 
foot-pound-applied  on  100  g. 

27.  On  another  ore,  an  Arizona  porphyry,  a  series  of  crushings  similar 
to  K,  L,  M,  and  N,  gave  results  from  coarse  to  fine  as  follows:  0, 
0.055;  P,  0.049;  Q,  0.0296;  R,  0.0149;  S,  0.0127;  allE.  U.  per  foot-pound- 
applied  on  100  g.     The  range  of  sizes  was  small;  the  initial  feed  averaged 
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about  4  mesh,  while  all  five  crushings  resulted  in  the  production  of  not 
more  than  8  per  cent,  of  —  200-mesh  sieve  product.  This  work  was 
done  in  December,  1913. 

28.  Kg.  20  shows  the  results  of  plotting  an  approximate  average  of 
feed  and  discharge  for  all  tests  against  both  the  E.  U.  per  foot-pound- 
applied  on  100  g.  and  the  mesh-grams  per  foot-pound  (-h350  reciprocal). 
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Fig.  20. — Variation  of  Test  Results  by  Both  Methods. 


The  estimated  average,  taken  as  near  to  the  center  of  gravity  of  the 
mechanical-value  diagrams  as  possible  by  ocular  observation,  gave  the 
horizontal  position  of  each  point,  while  the  calculated  E.  U.  and  mesh- 
grams  gave  the  two  vertical  positions. 

In  the  upper  diagram  the  inclinied  line  (Bedford  limestone)  connecting 
the  various  points  shows  that  for  different  average  sizes  of  material  under- 
going crushing,  the  production  of  E.  U.  per  foot-pound-applied  on  100  g. 
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decreases  from  coarse  to  fine;  according  to  Stadler's  interpretation  of 
Kick's  law  there  should  be  no  decrease,  they  should  be  the  same  at  all 
sizes.  From  the  values  tabulated  in  Table  I,  which  is  a  summary  of  all 
these  tests  and  calculated  results,  it  will  be  found  that  for  the  Bedford 
limestone,  the  coarsest  crushing  gave  34  times  the  number  of  E.  U.  per 
foot-pound-applied  on  100  g.  that  the  finest  crushing  gave.  For  the  other 
materials,  the  graphs  incline  similarly  and  in  sufficient  degree  to  show 
the  fallacy  of  Stadler's  application  of  Kick's  law. 

29.  In  the  lower  diagram,  the  results  of  this  work  on  a  Rittinger  basis 
have  been  plotted,  adhering,  however,  to  the  average  sizes,  taken  as 
described  above,  which  will  not  affect  the  results,  except  to  lengthen  the 
curve  in  the  coarse  sizes  and  to  shorten  it  in  the  fine  sizes.  Horizontal 
straight  Unes  averaging  the  results  for  each  material  have  been  drawn  in; 
if  the  same  number  of  foot-pounds-appUed  produce  the  same  number  of 
mesh-grams  at  all  sizes,  then  the  Rittinger  theory  is  correct,  and  a 
horizontal  line  represents  it  in  this  diagram.  If  some  of  the  discrep- 
ancies be  explained  as  due  to  "choke  crushing,"  producing  an  excess  of 
unmeasurable  —200  mesh  (—350  reciprocal),  the  majority  of  points 
will  come  nearer  to  a  horizontal  line,  and  better  confirm  our  belief  in  the 
Rittinger  theory.  The  results  clearly  show  that  the  Rittinger  theory  is 
so  much  more  nearly  correct  for  crushing  operations,  that  I  beUeve  we 
can  accept  it  and  use  it  for  the  determination  of  crushing  constants,  for 
machine  comparisons,  for  efficiency  tests,  etc. 

30.  Since  it  is  obvious  that  the  sizes  finer  than  our  ordinary  screens 
will  separate  are  important  if  the  Rittinger  theory  be  correct,  finer  screens 
or  classification  followed  by  microscopic  measurements  will  probably  be 
necessary  for  accurate  determinations.  To  some  extent  at  least,  we  can 
approximate  the  quantity  of  the  finer  sizes;  there  seems  to  be  a  law 
connecting  the  quantities  of  different  sizes,  that  the  discharge  line  of  a 
crushing-surface  diagram  from  a  uniform  crushing  operation  will  be  in  the 
form  of  a  hyperbola,  and,  when  plotted  on  logarithmic  paper,  as  in  Fig. 
21,  will  appear  as  a  straight  Une.  In  Fig.  21  the  product  line  of  N 
indicates  that  it  would  have  some  4  per  cent,  of  1,000-reciprocal  size  and 
some  0.6  per  cent,  of  10,000-reciprocal  size;  they  have  surfaces  re- 
spectively equivalent  to  40  per  cent,  of  100  reciprocal,  and  60  per  cent, 
of  100  reciprocal,  taken  separately;  and  if  these  values  are  correct,  these 
sizes  are  fully  as  important  in  the  consideration  of  energy  disposal  as  all 
of  the  +100-reciprocal  material.  The  law  of  the  finer  sizes  might  be 
something  of  this  form : 

RW^  =  C 

,R  being  the  reciprocal  of  the  diameter  (theoretical  mesh)  under  considera- 
tion; W,  the  weight  of  the  material  passing  through  a  screen  of  this 
diameter  opening;  and  x,  a  constant  depending  upon  the  character  of  the 
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ore,  the  type  of  machine  in  which  crushing  is  done,  and  possibly  upon  the 
screen  analysis  of  the  feed;  and  C,  the  number  of  crushing  units  (mesh- 
grams,  mesh-tons,  etc.)  in  the  undersize,  considered  as  all  of  that  one  size, 
and  proportional  to  the  area  between  the  co-ordinates  of  the  point  on  the 
curve  (intersection  of  C  and  W)  and  the  zero  lines. 

This,  however,  is  largely  speculative,  and  is  only  suggested  because  it 
may  be  of  some  value  to  some  future  investigator. 

SUMMARY   OP   RESULTS 

31.  Table  I  gives  a  summary  of  results.  It  will  be  noted  that  in 
most  cases  the  high  values  for  mesh-grams  per  foot-pound  were  obtained 
with  low  values  in  foot-pounds,  and  vice  versa.  This  seems  to  indicate 
that  the  highest  values  and  therefore  the  most  efficient  crushing  would  be 
obtained  when  each  particle  was  just  cracked;  a  thing  that  is  generally 
understood  to  be  true  in  connection  with  rolls,  for  example,  free  crushing 
being,  within  limitations,  more  efficient  than  choke  crushing.  Choke 
crushing  here  gave  uniformly  low  results,  as  might  be  expected.  In  the 
case  of  B,  the  several  crushing  operations  involved  small  amounts  of 
power,  but  they  were  lumped  together  for  final  screen  analysis.  If  all  the 
power  had  been  appUed  at  one  time,  without  intermediate  screening, 
there  would  not  have  been  such  a  nice  agreement  in  the  mesh-grams  per 
foot-pound,  between  A  and  B. 

32.  As  the  writer  sees  the  situation,  after  the  acceptance  of  the  sub- 
stantially correct  theory  of  crushing,  there  must  be  recognition  of  the  fact 
that  rocks  of  varying  characteristics  are  met  in  crushing  operations,  that 
these  rocks  offer  different  resistances  to  crushing,  and  that  it  is  unfair  to 
compare  the  operations  of  two  crushing  machines  upon  dissimilar  ores 
(even  if  they  look  alike)  until  some  values  are  given  to  the  resistance  or 
energy  absorption  of  these  rocks  under  crushing  conditions.  Probably 
these  units  will  be  determined  practically  by  applying  a  definite  amount 
of  energy  to  a  definite  weight  of  the  rock,  all  of  a  predetermined  standard 
size.  The  work  of  determining  these  constants  should  be  done  thoroughly 
by  competent  hands.  The  matter  of  checking  my  conclusions  can  be 
accomplished  perhaps  in  several  of  the  school  testing  laboratories  of  the 
country.  No  elaborate  apparatus,  and  apparently  no  very  high  degree 
of  accuracy,  will  be  required  to  prove  that  Kick's  law  is  of  no  use  to 
mill  operators  and  engineers. 

33.  This  paper  has  been  prepared  under  some  disadvantages  which 
may  account  for  the  possible  lack  of  logical  arrangement.  The  matter 
was  originally  submitted  to  the  committee  of  the  Institute  in  May,  1914, 
and  upon  their  suggestion  the  paper  was  enlarged,  corrected,  and  rear- 
ranged. The  writer  acknowledges  his  indebtedness  to  their  suggestions. 
Acknowledgment  should   also  be  made  of  the  courtesies  extended  by 
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Dr.  W.  K.  Hatt,  head  of  the  department  of  Civil  Engineering,  and 
Professor  Schofield,  at  Purdue  University,  who  allowed  the  writer  free 
run  of  the  laboratories  for  Testing  Materials. 

APPENDIX 

The  Amsler-Laffon  hydraulic  testing  machine,  with  which  these 
experiments  were  made,  is  shown  in  Fig.  22. 

The  material  is  crushed  between  the  faces  of  the  jaws  J  by  pressure 
applied  against  the  ram  R,  contained  in  the  cylinder  C  The  head  H 
carrying  the  upper  jaw  can  be  moved  up  and  down  the  fixed  screws  S 
by  nuts  having  worm-wheel  threads  cut  on  their  outer  surface  into  which 
mesh  two  worms  driven  by  the  hand  crank  shown  to  the  left. 

The  pump  P  for  supplying  the  pressure  to  the  ram  cylinder  C  is 
operated  by  a  hand  screw  on  the  side  of  the  frame  carrying  the  registering 
and  auxiliary  mechanism.  Suitable  piping  connects  the  pump  with  the 
cylinder,  the  supply  tank  0  and  the  registering  cylinder  X.  From  X 
suitable  links  and  levers  connect  to  the  pendulum  and  adjustable  weight 
Wy  the  swing  of  the  pendulum,  which  is  proportional  to  pressure  exerted, 
being  recorded  on  the  drum  or  indicated  upon  a  dial  D.  In  all  of  this 
work  the  readings  of  the  dial  were  used.  With  different  settings  of  the 
weight  W,  four  different  scales  of  pressures  having  maximum  values  of 
15,000,  50,000,  100,000  and  150,000  lb.  may  be  used,  suitable  dials  being 
provided. 

The  deflectometer,  which  is  a  part  of  the  regular  laboratory  equip- 
ment, consists  of  a  lever  carried  at  its  fulcrum,  in  a  suitable.-base.  At  the 
short  end  of  the  lever  a  fine-thread  vertical  adjusting  screw  can  be  brought 
into  contact  with  the  upper  jaw  J  of  the  machine,  while  the  long  end  of 
the  lever  fits  against  a  vertical  scale,  and  moves  a  vernier  with  it  as  it 
moves  up  and  down,  thus  permitting  the  measurement  to  0.001  in.  of  the 
movement  between  jaws. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
San  Francisco  meeting,  September,  1015,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impos- 
sible then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  20 
West  30tb  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  disotission  of  this  paper  will  close  Nov.  1, 1015.  Any 
discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Standardizing  Rock  Crushing  Tests 

BY  MYRON  K.  ROD6ERS,*  B.  S.,  LOS  ANGELES,  CAL. 
(San  Francisco  Meeting,  September,  1015) 

In  rock-  or  ore-crushing  tests  all  data,  in  order  to  be  valuable  for  study 
and  comparison,  should  be  obtained  and  tabulated  under  conditions  as 
uniform  as  possible.  The  results  of  many  such  tests  have  no  value  for 
comparison,  because  of  incomplete  data  and  the  lack  of  uniform  condi- 
tions, screens  and  scale  of  sizing,  etc. 

The  purpose  of  this  paper  is  to  suggest  a  form  of  standard  specifica- 
tions which  may  be  developed  by  the  Milling  Committee  and  approved 
by  the  A.  I.  M.  E.  for  rock-crushing  tests.  It  is  not  intended  to  discuss 
any  theories  of  rock  crushing. 

Reports  of  rock-crushing  tests  should  include  the  following  details: 

1.  Description  of  the  machine  employed  (jaw  or  gyratory  crushers, 
rolls,  stamps,  tube  mills,  Chilean  mills,  etc.)- 

2.  Method  and  material  (timber,  concrete,  etc.)  of  foundation. 
Much  power  is  dissipated  in  the  vibration  of  poor  foimdations. 

3.  Locality  from  which  the  rock  or  ore  was  obtained,  and  geological, 
mineralogical,  and  physical  characters  of  the  material. 

4.  The  power  consumption  of  the  machine  running  with  no  load  and 
with  full  load,  the  unit  of  power  being  1  hp.  per  24  hr. 

5.  The  capacity  of  the  machine  in  tons  (of  2000  lb.)  per  24  hr. 

6.  The  duty  in  tona  per  horsepower-day. 

7.  The  screen  analysis  of  feed  and  product  by  the  proposed  A.  I.  M.  E. 
standard  screen  scale. 

On  the  foregoing  statement,  the  following  remarks  are  offered. 

Toughness  of  Rock 

Table  I  shows  the  relative  crushing  duty  of  the  same  machine  on 
three  different  characters  of  rock,  all  other  crushing  conditions  being  the 
same. 

This  table  indicates  that  the  specific  resistance  of  the  rock  to  crushing, 
may  affect  the  crushing  duty  of  a  unit  of  power  as  much  as  300  per  cent. 
Perhaps  this  quality  may  be  called  toughness.  It  is  not  a  function  of 
hardness  only.    For  comparison  of  tests,  rocks  sho.uld  be  divided  into 
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Table  I. — Relative  Crushing  Duty  of  the  same  Rock-crushing  Machine 
on  Three  Different  Characters  of  Rockf  aU  Other  Crushing  Conditions 

Being  the  Same 


Rook  and 
Feed 


Mill 


Calumet     A    Conical  tube 
Hecla  con-    8  ft.  by  30  in  ' 
glomerate,  I 
H  mesh. 


Codurd'Aldnej  Conical  tube 
quartsite,  I  8  ft  by  22  in. 
F.  M.  4  S.    28  r.p.m. 
Co.,  5  mm.' 


Miami,  '  Conical  tube 
H  meeh.     |  8  ft.  by  22  in.*     27 


Tons 
200 

Meeb 
per 

np.- 

Day 


Screen  Scale 

+4  +  10+20+40+60+ 
100+200-200 


0.44    0     65     29 


0.67 


I  Feed 

1.80  ,4    45     J3     10       2 


•  •       •  • 


Feed 
6       1.. 
Product 
3       9       13      41      34 


Feed 

0  43 

43  11   1    1 
Product 

1   1 

•  •   •  • 

2  22  18   19 

12  27 

Product 
2     14     12       17       14      38 


Relative  crushing  duty  of  1  hp.  due  to  character  of  o^e  only: 

Calumet  A  Hecla  Conglomerate 1 .00 

CoBur  d'Aldne  Quartsite 1 .  92 

Miami 3 .  75 


at  least  three  classes  in  this  respect;  and  the  class  to  which  a  particular 
rock  belongs  might  be  determined  by  its  crushing  strength  per  square 
inch. 


Screens 

For  screen  analysis,  a  standard  screen  scale  should  be  used,  having  a 
uniform  ratio  between  the  different  sizes. 

The  results.of  an  investigation  made  by  the  U.  S.  Bureau  of  Standards, 
with  several  of  the  large  mining  companies,  where  240-  to  260-mesh  screens 
are  used  in  connection  with  flotation  tests,  and  including  several  cement 
manufacturers  and  screen  manufacturers,  are  that  a  screen  analysis  for 
all  rock-crushing  tests,  and  practically  all  testing  of  materials,  will  be 
covered  by  a  screen  scale  based  on  the  U.  S.  Bureau  of  Standards,  200- 
mesh  screen  with  a  square  opening  of  0.0029  in.  and  a  wire  of  0.0021  in. 
diameter,  advancing  with  a  ratio  of  1 .414  (i.e.,  the  square  root  of  2,  sug- 
gested by  Rittinger)  between  the  successive  sizes  of  screens,  to  a  square 
opening  of  4.197  in.  area  corresponding  to  a  4-mesh  screen;  and  where 
finer  than  200  mesh  is  required,  a  280  mesh  or  0.0020  opening  could  be 
used,  retaining  the  above  ratio. 
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Table  II. — Standard  Screen  Scale 


Meah  per 
Linear  Inch 


Opening,  Inches 


Opening, 
MiuimeterB 


Diameter  of 
Wir^,  Inches 


Diameter 

of  Wire, 

MiHimeters 


Area  of 
Openings, 
Square  Inches 


4.20 

106.60 

0.375 

9.52 

17.64 

2.97 

75.39 

0.207 

5.26 

8.82 

2.10 

53.33 

0.192 

4.88 

4.41 

1.49 

37.73 

0.149 

3.78 

2.20 

1.05 

26.67 

0.149 

3.78 

1.10 

0.742 

18.85 

0.135 

3.43 

0.561 

0.525 

13.33 

0.105 

2.67 

0.276 

0.371 

9.423 

0.092 

2.34 

0.138 

3 

0.263 

6,680 

0.070 

1.78 

0.069 

4 

0.185 

4.699 

0.065 

1.65 

0.034 

6 

0.131 

3.327 

0.036 

0.91 

0.017 

8 

0.093 

2.362 

0.032 

0.81 

0.0086 

10 

0.065 

1.651 

0.035 

0.89 

0.0042 

14 

0.046 

1.168 

0.025 

0.64 

0.0021 

20 

0.0328 

0.833 

0.0172 

0.44 

0.00108 

28 

0.0232 

0.589 

0.0125 

0.32 

0.00054 

35 

0.0164 

0.417 

0.0122 

0.31 

0.00027 

48 

0.0116 

0.296 

0.0092 

0.23 

0.000135 

65 

0.0082 

0.208 

0.0072 

0.18 

0.0000672 

100 

0.0058 

0.147 

0.0042 

0.11 

0.0000336 

150 

0.0041 

0.104 

0.0026 

0.07 

0.0000168 

200 

0.0029 

0.»74 

0.0021 

0.05 

0.0000084 

If  the  analysis  is  to  be 
sieve-opening  in  the  Screen 


carried  finer  than  0.0029  in. 
Scale  Series,  is  0.002  in.  (280 


(200  mesh),  jbhe  next  finer 
mesh). 


The  writer  is  under  obligations  for  practical  assistance  in  the  prepara- 
tion of  this  paper  to  W.  S.  Stratton,  Director,  Rudolph  J.  Wig,  and 
R.  Y.  Turner,  of  the  U.  S.  Bureau  of  Standards;  Frederick  Laist,  Metal- 
lurgical Engineer,  and  Albert  E.  Wiggin,  Superintendent  of  Concen- 
tration, of  the  Anaconda  Copper  Mining  Co.,;  and  A.  S.  Disbro  of  the 
W.  S.  Tyler  Co.,  Cleveland,  Ohio.  Mr.  Disbro  has  practically  developed 
the  suggested  screen  scale. 
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The  R61e  and  Fate  of  the  Connate  Water  in  Oil  and  Gas  Sands 

Continued  discussion  of  the  paper  of  Roswell  H.  Johnson,  presented  at  the  New 
York  meeting,  February,  1915,  and  printed  in  BuMetin  No.  98,  February,  1916, 
pp.  221  to  226.  See  also  BuUetin  No.  101,  May,  1916,  pp.  1167  to  1162,  and 
No.  103,  July,  1915,  pp.  1449  to  1459. 

C.  W.  Washburne,  New  York,  N.  Y.  (communication  to  the  Secre- 
tary*).— Mr.  Johnson  recognizes  that  connate  waters  must  be  driven 
outward  toward  the  earth's  surface.  He  considers  the  ascent  due  to  the 
settUng  and  packing  of  the  underl3dng  sediments  and  to  the  forma- 
tion of  gas  within  the  rocks,  supplemented  by  abyssal  pressures. 
•  The  origin  of  the  methane  in  the  sedimentary  strata  probably  is  not 
simple.  There  are  three  possible  modes  of  origin:  (1)  as  marsh  gas 
formed  near  the  surface  and  entrapped  in  the  sediments;  (2)  from  abyssal 
sources;  (3)  by  the  decomposition  of  organic  matter  buried  in  the  sedi- 
ments. The  abyssal  source  is  generally  negligible,  and  in  all  cases  doubt- 
ful. The  third  origin  is  the  most  important  in  the  gas  fields.  A  fourth 
mode  of  origin,  by  the  dissociation  of  Uquid  hydrocarbons,  frequently 
has  been  suggested,  but  it  is  improbable,  because  crude  oils  are  exothermic. 
Therefore  they  have  no  tendency  to  spUt  or  decompose  at  low  tempera- 
tures, as  do  endothermic  substances,  such  as  coal,  which  is  altered  geolog- 
cally  by  the  loss  of  methane,  water,  and  carbon  dioxide.  This  cannot 
happen  to  a  hydrocarbon  until  its  temperature  of  dissociation  ("cracking 
point")  is  reached,  which  is  over  250°  C.  for  the  most  easily  cracked 
hydrocarbons  and  over  400°  C.  for  others. 

Engler  says  that  the  dissociation  of  fats  and  waxes  into  oils  is  an  endo- 
thermic process,  thereby  unconsciously  nullif3dng  his  own  theory  of  the 
dissociation  of  these  substances  at  low  temperatures.  However,  recently 
I  have  found  reason  to  think  that  heat  is  Uberated  by  the  disruption  of 
the  molecules  of  fats  and  waxes,  as  it  is  in  the  molecular  decomposition 
of  the  substances  of  wood,  coal,  etc.  If  this  tentative  opinion  is  correct, 
and  Engler  wrong,  then  it  seems  that  the  Engler-Hofer  hypothesis  of  the 
origin  of  oil  becomes  not  only  possible,  but  even  probable. 

A  second  conclusion  is  that  all  complex  organic  molecules  which  re- 
main in  their  original  state  to  the  extent  of  retaining  combined  oxygen 
must  have  a  tendency  to  decompose,  with  the  production  of  exothermic 
substances,  including  methane  and  other  hydrocarbons.  This  would 
result  in  pressure,  since  the  products  occupy  greater  volume  than  the 
parent  substances.  To  reverse  the  problem,  as  in  the  paper,  and  to  say 
that  pressure  itself  would  cause  the  production  of  methane  from  organic 

*  Received  July  6,  1915. 
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matter,  is  a  confusion  of  cause  and  effect,  and  seems  to  be  contrary  to 
physical  principles.  Those  who  appeal  to  pressure  in  this  way  probably 
are  overlooking  the  essential  factors.  Since  the  investigations  of  Brame 
and  Cowan^  and  of  others  have  shown  that  coal  is  endothermic,  its  natural 
underground  alteration,  even  at  low  temperatures,  is  explained  readily  by 
the  common  principles  of  thermo-chemistry.  The  expression  "d3mamo- 
chemical  stage"  of  alteration  could  be  replaced  advantageously  by  the 
better  established  word,  "thermo-chemical." 

Abandoning  pressure  as  a  cause  of  the  liberation  of  methane  from 
organic  matter  does  not  invalidate  Johnson's  main  conclusion  that  the 
formation  of  methane  from  entombed  organic  matter  probably  increases 
with  depth,  because  a  downward  increase  would  result  from  the  in- 
crease of  temperature  with  depth,  and  also  from  the  greater  age  of  the 
lower  strata,  in  which  the  process  has  been  longer  in  operation. 

Naturally  I  agree  with  Johnson  that  the  formation  of  methane  crowds 
away  an  equivalent  volume  of  water,  which  must  move  upward  toward 
the  surface  because  there  is  no  other  direction  in  which  escape  is  possible. 
The  water  squeezed  out  by  the  settling,  consolidation;  and  cementation 
of  the  sediments  also  must  escape  upward.  Locally  also  there  is  reason 
to  believe  in  the  ascent  of  abyssal  fluids,  and  the  pressure  of  the  latter 
probably  supplements  that  arising  from  the  formation  of  methane  and 
other  gases.  I  had  independently  reached  the  conclusion  that  there  is  a 
general  ascent  of  rock  fluids  across  the  strata,  from  a  study  of  the  general 
distribution  of  gas  pressures,  and  from  the  abnormally  high  chlorine  con- 
tent of  oil-field  waters. 

The  evidence  of  this  ascent  and  the  reasons  for  believing  that  it  is  a 
process  in  general  operation  cast  doubt  on  the  existence  of  true  connate 
water  in  any  stratum.  The  connate  water  would  be  shoved  out  or  modi- 
fied by  the  entry  of  other  water  from  below,  and  rarely  could  any  water 
strictly  be  connate  to  the  strata  in  which  it  is  found.  Originally  it  may 
have  been  connate  with  some  lower  strata,  which  in  the  Appalachian 
fields  would  be  in  early  or  pre-Paleozoic  formations,  which  were  laid 
down  at  a  time  when  the  sea  was  comparatively  young,  and  when  theo- 
retically the  sea-water  ratio  of  Cl:Na  may  have  been  as  high  as  that  in 
the  waters  of  deep  wells.  To  some  geologists  this  explanation  will  be 
more  acceptable  than  the  alternative,  that  juvenile  water  rich  in  calcium 
and  magnesium  chloride  has  entered  generally  into  the  strata  of  oil  fields 
and  in  many  other  places;  but  whatever  explanation  of  this  is  preferred, 
the  conclusion  remains  inevitable  from  any  point  of  view,  that  water 
and  probably  other  rock  fluids  have  risen  far  across  the  strata.  Probably 
there  is  no  free  water  left  in  the  older  strata  that  strictly  is  connate  with 
these  formations. 

^  Journal  of  the  Society  of  Chemical  Industry^  vol.  xxii,  No.  22,  p.  1230  (Nov.  30, 
1903). 
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In  the  paper  on  the  capillary  concentration  of  gas  and  oil,  I  avoided 
reference  to  the  possible  influence  of  viscosity  in  promoting  the  concentra- 
tion of  oil  in  the  larger  pores,  because  it  would  operate  against  the  ap- 
parently identical  segregation  of  gas.  Moreover,  I  have  come  to  think 
that  most  of  the  migration  of  oil  in  fine  rock  pores  takes  place  when  the 
oil  is  still  comparatively  light.  (I  hope  soon  to  present  the  geological 
and  chemical  reasons  for  believing  that  all  crude  oils  are  descended  from 
Ughter  parent  oils.)  At  the  temperatures  prevailing  at  depths  of  2,000 
m.  light  oils  have  approximately  the  same  viscosity  as  water,  some  even 
less,  so  that  viscosity  cannot  be  an  important  factor  in  the  concentration 
or  segregation  of  such  oil  in  its  original  migration.  In  the  later  and  com- 
paratively shallow  migrations  of  the  condensed  heavier  oils,  such  as  a 
typical  fuel  oil  of  California,  viscosity  would  be  a  determining  factor  in 
causing  the  oil  from  fissures  to  enter  sandstone  rather  than  shale.  In  fact, 
such  oil  could  not  enter  even  dry  shale,  and  no  oil  could  enter  wet  shale 
from  fissures  if  the  conclusions  from  capillarity  are  correct.  However, 
fissure  migration  is  a  secondary  feature,  although  of  great  local  importance 
in  the  formation  of  some  "pools."  The  original  concentration  of  the  oil 
in  sands  and  fissures  must  have  been  due  to  capillary  action  operating  on 
comparatively  light  oils.  There  is  no  other  way  by  which  the  oil  of  the 
California  fields  could  have  been  removed  so  nearly  completely  from  the 
diatomaceous  and  foraminiferal  shales  in  which  it  is  thought  to  have 
originated.  If  the  oil  were  then  in  its  present  viscous,  highly  asphaltic 
condition,  only  a  very  small  part  of  the  oil  could  have  been  removed  and 
the  shales  would  be  generally  petroliferous  and  dark  colored,  instead  of 
being  very  locally  saturated  and  generally  light  colored,  as  they  actually 
are.  In  other  words,  I  accept  Arnold's  conclusion  that  the  oil  of  Cali- 
fornia gets  heavier  as  it  migrates,  and  I  believe  also  during  its  storage 
in  the  sands,  which  is  in  accord  with  all  sound  observation  and  theory, 
and  I  oppose  the  view  of  Hofer  that  crude  oil  grows  lighter  with  time. 

Johnson's  three  final  conclusions  seem  more  than  the  evidence  justi- 
fies. We  know  only  that  the  deep  sands  of  the  Appalachian  and  a  few 
other  fields  generally  are  dry.  We  do  not  know  that  the  shales  are  dry. 
In  fact,  I  suspect  that  the  shales  are  moist,  since  the  sands  still  contain 
water  in  places.  Hence  it  does  not  follow  that  the  very  deep  oil  of  such 
fields  is  scattered  in  the  shale,  largely  beyond  recovery.  The  value  of 
the  very  deep  reserves  is  diminished,  first,  by  the  expense  of  deep  drilling, 
and  secondly,  by  the  lack  of  sufficient  water  in  the  sands  to  control  the 
acciunulation  of  the  oil  in  definite  structures.  The  few  definitely  syn- 
cUnal  fields,  all  in  dry  sands,  as  near  BlufiF,  Utah,  also  in  southwestern 
Wyoming  and  southern  Kentucky,  have  not  been  very  successful.  To 
produce  a  profitable  accumulation  of  oil  in  a  continuous  sand,  the  sand 
must  contain  enough  water  to  greatly  restrict  the  oil-bearing  area. 

Deep  drilling  for  oil  admittedly  is  a  failure  in  the  Appalachian  (or 
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Eastern)  fields  of  the  United  States;  but  in  California,  where  the  deep 
sands  contain  much  more  water,  there  is  good  hope  of  developing  very 
deep  fields.  Even  now  there  are  a  few  California  wells  producing  oil 
from  below  4,000  ft. 

The  two  remaining  conclusions  of  the  author  rest  on  similar  evidence 
and  are  subject  to  the  same  criticism.  The  general  existence  of  large 
deep  reserves  of  natural  gas  cannot  be  predicted  from  the  available 
evidence.  Possibly  the  deep  gas  may  be  badly  contaminated  with  abyssal 
nitrogen,  as  appears  to  be  the  case  in  the  western  fields  of  Kansas.  The 
peridotite  dikes  of  western  and  of  central  Kentucky,  and  the  more  widely 
distributed  barite-fluorite  deposits  of  the  same  regions,  indicate  that  abys- 
sal emanations  may  be  important  in  the  deep  strata  of  the  sub-Appala- 
chian oil  and  gas  belts.  These  are  interesting  possibiUties.  The  evidence 
to  be  obtained  in  deep  wells  offers  great  promise  of  contributions  to  geo- 
logical knowledge,  in  fundamental  problems  that  have  received  little 
attention.  However,  there  is  little  justification  for  general  economic 
predictions  concerning  the  zone  immediately  beneath  that  now  explored 
by  the  drill. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  prefersbW  be  presented  in  penon  at  the 
San  Fk-ancisoo  meeting,  Sept.,  1015,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  mur  be  sent  to  the  Editor,  American  Institute  of  Minins  Engineers,  29  West 
39th  Stree^  New  York,  N.  V.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov.  1, 1916.  Any  discussion 
offered  .thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Rotary  Kilns   for   Desulphurization   and   Agglomeration 

BY    SAMUEL    E.    DOAK,    E.    M.,    PHILADELPHIA,    PA. 
(San  Francisco  Meeting,  September,  1915) 

The  utilization  of  rotary  kilns,  of  the  well-known  cement  type,  for  the 
preparation  of  iron  ores  for  the  blast  furnace,  has  become  of  considerable 
economic  importance  within  the  past  10  years  in  certain  localities,  notably 
those  where  the  native  ores  are  lean.  Such  kilns  may  be  used  simply  for 
the  agglomeration  of  ores  too  fine  to  b6  charged  into  the  blast  furnace 
(i.e. J  ores  whose  loss  in  the  dust  catchers  is  excessive,  and  whose  fineness 
is  detrimental  to  the  working  of  the  furnace),  or  for  the  desulphurization 
of  lump  and  fine  ores  the  sulphur  content  of  which  does  not  exceed  6  or  7 
per  cent.  The  desulphurizing  action  can  be  combined  with  that  of 
agglomeration  provided  the  kiln  is  sufficiently  large.  Other  processes 
have  been  developed  for  the  same  purpose,  but  while  I  am  not  able  to 
draw  a  comparison  between  them  by  reason  of  lack  of  sufficient  data,  it  is 
safe  to  say  that  the  kiln,  if  properly  dimensioned  for  the  character  of  ore 
to  be  treated,  will  compare  favorably  in  its  results,  both  as  to  economy 
and  quality  of  product,  with  any  other  process.  It  is  not,  however,  as  well 
adapted  for  the  treatment  of  flue  dust  as  is  a  sintering  operation,  on 
account  of  the  large  percentage  of  fine  coke  contained  therein.  Any 
combustible  entering  the  kiln  at  its  feed  end  renders  the  process  very 
much  more  expensive  and  unsatisfactory  on  account  of  the  difficulty  of 
controlling  the  temperature,  also  because  of  the  rapidity  with  which  long 
"rings"  form,  due  to  the  increased  heat  at  the  cooler  end  of  the  kiln. 

The  greatest  value  of  the  kiln  at  present  is  in  the  treatment  of  pyrites 
cinder;  that  is,  the  residue  from  pyrites  ore  after  the  extraction  of  the 
greater  part  of  the  sulphur.  This  cinder,  while  high  in  iron  content,  has 
too  much  sulphur  remaining  in  it  to  be  allowed  to  form  a  large  part  of 
the  blast-furnace  burden,  without  further  treatment.  It  will  range  in 
metallic  iron  from  42  per  cent.,  representing  a  very  low-grade  cinder  from 
a  domestic  pyrites,  to  64  per  cent,  of  the  residue  from  the  best  Spanish 
ore,  and  the  corresponding  silica  content  will  vary  from  the  maximum  of 
about  25  per  cent,  to  1}4  per  cent.  The  residual  sulphur  depends  largely 
on  the  type  of  burner  used  in  the  original  desulphurization.  In  general, 
the  leanest  original  ores  retain  the  greatest  amounts  of  sulphur.    In 
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modern  practice  the  percentage  of  sulphur  in  the  cinder  is  rarely  as  great 
as  six,  and  seldom  lower  than  one  and  one-half. 

Average  analyses  for  iron,  silica,  and  sulphur  of  the  cinders  that  have 
come  under  my  personal  observation  are  as  follows: 

Iron.  Silica.  Sulphur, 

Per  Cent.        Per  Cent.       Per  Cent. 

Virginia  fines 48  18  4.2 

Virginia  lump 54  12  5.0 

Spanish  fines 58  8  2.5 

Spanish  lump 63  2  2.0 

In  addition,  nearly  all  cinders  contain  zinc,  copper  (frequently  in 
sufficient  amounts  to  be  extracted  commercially  as  a  by-product), 
calcium,  magnesium,  etc.,  and  sometimes  lead.  The  total  of  these 
accompanying  elements,  however,  is  usually  well  under  6  per  cent. 

The  process  is  a  simple  roasting,  with  the  addition  in  the  case  of  fine 
ores  of  a  noduUzing  or  agglomerating  operation,  performed  near  the  dis- 
charge end  of  the  kiln,  at  a  higher  temperature  than  is  necessary  for  the 
desulphurization.  The  sulphur  is  combined  in  the  ore  as  sulphide  and 
sulphate  of  the  various  bases,  and  if  the  kiln  is  not  forced  over  its  capacity 
there  is  no  difficulty  in  reducing  it  to  less  than  0.05  per  cent,  of  the 
finished  product.  As  far  as  the  desulphurizing  action  is  concerned,  the 
principal  caution  to  be  observed  is  not  to  allow  the  kiln  to  get  too  hot  at 
the  back  end.  To  get  a  dead  roast  the  operation  should  be  very  gradual, 
and  the  heat  should  range  from  a  barely  perceptible  dull  red  at  the  feed 
end  to  a  bright  yellow  at  the  discharge  end.  When  the  ore  is  too  hot  in 
the  center  of  the  kiln,  there  seems  to  be  a  tendency  to  hinder  the  de- 
sulphurization, probably  on  account  of  an  almost  imperceptible  glazing 
of  the  particles  of  cinder,  that  renders  them  impervious.  For  this  reason 
it  is  important  that  the  roasting  should  be  complete  before  the  nodulizing 
begins,  since  for  the  success  of  the  latter  operation  the  ore  should  be 
sufficiently  pasty  to  ball  up.  This  pastiness,  however,  should  never  be 
carried  to  the  point  where  there  is  any  flow  of  the  cinder,  and  in  fact  it 
should  never  be  visible  in  the  kiln.  A  bright  yellow  heat  is  sufficient  for 
the  nodulizing,  and  it  is  well  to  keep  the  zone  of  agglomeration  as  near  the 
discharge  end  of  the  kiln  as  possible,  15  ft.  being  sufficient  length  for  the 
operation  in  any  kiln  not  more  than  100  ft.  in  length.  For  this  reason  a 
short  flame  is  very  desirable. 

Oxygen  necessary  for  the  desulphurization  is  furnished  either  by 
stack  draft  at  the  feed  end,  by  a  blower  at  the  discharge  end  (in  connec- 
tion with  the  fuel  supply),  or  by  both.  The  height  of  the  stack  is 
determined  more  by  the  necessity  of  raising  the  sulphur  fumes  above  the 
height  where  they  are  obnoxious  to  people,  and  harmful  to  vegetation, 
than  by  the  oxygen  requirements  of  the  process,  as  the  slope  of  the  kiln 
together  with  the  draft  induced  by  the  coal  blower  is  sufficient  in  small 
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kilns  to  furnish  the  required  amount  of  air  without  a  stack.  A  kiln  60  by 
5  ft.  was  run  for  several  months  without  any  stack,  with  excellent  results, 
the  only  artificial  draft  being  supplied  with  the  powdered  coal  by  an  Aero 
pulverizer. 

This  same  kiln  on  an  80  by  4  ft.  stack  gave  incomplete  desulphuriza- 
tion  and  an  excessive  amount  of  "ring"  trouble,  due  to  too  high  a  tem- 
perature at  the  feed  end. 

At  present  the  rotary  kiln  owes  what  popularity  it  possesses  to  its 
noduUzing  feature,  in  spite  of  the  fact  that  it  is  a  cheap  and  efficient  roaster, 
and  that  it  is  much  more  successful,  as  a  roaster,  working  on  coarse  than 
on  fine  ore.  As  I  remarked  above,  the  sulphur  should  be  practically 
eliminated  from  the  ore  before  nodulizing  begins.  The  most  satisfactory 
way  of  insuring  this  would  be  to  separate  the  two  processes  by  using  two 
kilns,  but  that  would  be  impracticable  except  in  a  very  large  plant,  and 
as  a  matter  of  fact  the  whole  operation  can  be  done  vei*y  well  in  one  kiln 
provided  it  is  not  too  small.  The  greatest  advantage  of  separating  the 
processes  would  be  that  "ringing"  could  be  almost  entirely  eliminated  in 
the  desulphurizing  kilns,  and  confined  to  the  nodulizing  kilns,  which 
could  be  made  short  and  of  large  diameter  and  great  capacity. 

It  has  been  the  custom  arbitrarily  to  connect  a  certain  diameter  with  a 
certain  length  of  kiln.  A  60-ft.  kiln  is  usually  5  ft.  in  diameter;  80-  and 
85-ft.  kilns  are  6  or  7  ft.  in  diameter,  and  a  100-ft.  kiln  is  ordinarily  8  ft.  in 
diameter,  but  it  would  frequently  be  more  economical  to  proportion  the 
kiln  in  a  less  haphazard  way  than  by  accepting  the  builder's  standard 
designs.  The  two  determining  factors  should  be  the  output  desired, 
and  the  quality  of  ore  to  be  roasted.  The  output  is  dependent  on  the 
dimensions  of  a  cross^ection  of  the  bed  of  ore  that  can  be  carried  in  the 
kiln,  the  slope  of  the  kiln,  and  its  speed  of  revolution.  The  slope  of  the 
kiln,  however,  can  be  left  out  of  consideration.  Good  practice  places  it 
at  ^  in.  to  the  foot,  and  increased  or  decreased  output  can  be  better 
obtained  by  changing  either  of  the  other  variables  than  by  changing 
this.  Speed  control,  too,  is  a  feature  of  the  design  of  every  kiln  now,  so 
that  this  factor  may  be  adjusted  to  the  most  satisfactory  point  after  the 
kiln  is  in  operation.  The  question  of  output,  then,  so  far  as  the  kiln 
design  is  concerned,  is  determined  by  the  width  and  depth  of  the  ore  bed. 
In  general,  the  latter  can  be  increased  with  the  length  of  the  kiln,  since  the 
length  of  time  it  takes  the  ore  to  pass  through  the  kiln  will  be  greater  as 
the  kiln  grows  longer,  all  other  things  being  equal,  but  the  increased 
capacity  due  to  the  length  will  not  be  very  great,  since,  without  changing 
the  diameter,  the  ore  bed  cannot  be  deepened  to  any  great  extent  without 
harming  the  roasting  process,  for  which  a  continual  and  complete  stirring 
and  overturning  of  the  ore  bed  is  necessary.  Too  great  a  depth  of  bed 
prevents  this. 

An  increase  in  the  diameter  of  the  kiln,  on  the  other  hand,  increases 
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the  possibilities  of  the  output  considerably,  by  allowing  the  cross-section 
to  be  made  much  greater  with  a  slight  increase  in  depth,  giving  the  desired 
efiFect  of  a  greater  ratio  of  surface  of  ore  exposed  to  the  air  in  comparison 
with  the  area  of  the  cross-section.  It  would  seem  reasonable,  then,  to 
base  the  length  of  the  kiln  entirely  upon  the  time  necessary  for  desul- 
phurization  and  agglomeration,  and  to  control  the  output  by  the  diameter. 

The  question  of  the  speed  of  progression  of  the  ore  in  the  kiln,  upon 
which,  together  with*  the  kiln  length,  depends  the  time  available  for 
treatment,  cannot  be  accurately  determined  beforehand,  as  it  is  con- 
trolled by  too  many  variables.  The  size  of  the  ore  particles,  and  their 
shape,  the  depth  of  bed,  condition  of  the  lining,  and  the  size  and  shape  of 
the  ring  all  have  an  effect  on  the  speed  of  progression  of  the  charge. 
Fortunately,  however,  we  know  from  actual  practice  that  any  type  of 
cinder  can  be  treated  satisfactorily  in  kilns  80  to  100  ft.  in  length,  turning 
at  a  speed  of  from  one  revolution  in  60  sec.  to  one  in  90  sec.  The  greater 
length  is  safer  in  treating  all  fine,  high-sulphur  cinders,  since  it  reduces 
greatly  the  chances  of  a  poor  product  through  careless  supervision. 

The  tonnage  output  of  a  kiln  varies  greatly  with  the  kind  of  cinder 
charged.  A  kiln  60  by  5  ft.  with  4^-in.  lining  will  treat  1,500  tons  a 
month  of  low-sulphur  lump  ore,  while  on  high-sulphur  fines,  it  will 
with  difficulty  take  care  of  750  tons,  and  frequently  even  at  this  low 
tonnage  a  large  percentage  of  the  product  will  not  be  nodulized.  A  kiln 
85  by  7  ft.  will  handle  3,000  tons  of  high-grade  cinder  per  month,  and 
about  1,500  tons  of  the  poorest  grades,  while  a  kiln  100  by  8  ft.  will  vary 
from  4,500  to  2,500  tons  with  the  quality  of  cinder  treated.  A  kiln  85  by 
8  ft.  should  handle  almost  as  much  as  the  one  100  ft.  long,  but  at  a  greater 
fuel  cost.  In  general,  the  larger  kiln  will  have  the  lower  fuel  cost  and  the 
fine  domestic  ores  will  need  less  coal,  on  account  of  their  higher  sulphur 
content.  On  a  60  by  5  ft.  kiln,  the  fuel  consmnption  averaged  for  several 
months  about  12  per  cent,  by  weight  of  the  weight  of  roasted  ore. 

The  mechanical  difficulties  that  were  so  common  when  rotary  kilns 
were  first  used  f oi*  the  treatment  of  iron  ores  have  been  practically  elimi- 
nated. The  most  important  things  to  be  observed  to  insure  continuous 
operation  are,  to  make  the  kiln  sufficiently  strong  (reinforcing  it  espe- 
cially very  heavily  under  the  tires),  and  to  keep  the  operating  machinery 
well  protected  from  the  dust.  The  tires  should  alwa3r8  be  kept  tight  to 
the  shell,  as  if  any  play  is  allowed  the  bolt  holes  will  gradually  become 
enlarged,  and  the  kiln  will  bear  down  hill  so  strongly  that  it  will  frequently 
break  its  thrust  bearings.  At  least  an  inch  of  additional  metal  should 
be  put  around  the  shell  under  the  tire. 

The  one  great  obstacle  now  in  the  way  of  continuous  operation  is  the 
formation  of  "rings,"  caused  by  the  cinder  becoming  hot  enough  to  stick 
to  the  lining.  As  soon  as  the  lining  is  covered  the  ''ring"  increases  more 
rapidly  by  building  up  upon  itself  around  an  ever-decreasing  circum- 
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ference  until  it  seriously  interferes  with  the  operation,  and  has  to  be 
removed.  It  usually  forms  in  the  15  or  20  ft.  nearest  the  discharge  end  of 
the  kiln,  and  puts  an  excessive  amount  of  weight  upon  that  end.  A  piece 
of  the  "ring''  is  hard  and  has  the  appearance  of  having  been  partly  fused. 
It  looks  very  much  like  mill  cinder. 

Many  devices  have  been  tried  to  prevent  the  formation  of  the  "ring,'' 
or  to  remove  it  without  stopping  the  kiln,  but,  so  far  as  I  know,  none 
of  them  have  been  successful.  The  best  plan,  in  my  experience,  has  been 
to  shut  down  the  kiln,  when  the  ring  became  too  large,  cool  it  off  with 
water,  and  cut  it  out  with  bars  and  picks.  It  is  impossible,  I  feel  sure,  to 
prevent  its  formation  when  nmning  on  j&ne  ores.  With  low-sulphur  lump 
ores  that  do  not  need  to  be  nodulized,  careful  control  of  the  heat  will  allow 
a  run  of  indefinite  length,  but  as  all  the  lump  cinders  (unless  screened) 
carry  a  considerable  percentage  of  fines  (i.e.,  —20  mesh),  sooner  or  later 
a  shutdown  will  be  necessary.  On  any  kind  of  cinder,  however,  the  forma- 
tion of  the  ring  can  be  postponed  by  keeping,  as  nearly  as  possible,  the 
conditions  of  temperature,  speed,  and  feed,  from  fluctuating.  The  tem- 
perature should  always  be  kept  as  low  as  is  compatible  with  the  successful 
operation  of  the  kiln. 

A  9-in.  firebrick  is  generally  used  for  lining,  and  is  probably  the  best 
size  on  the  larger  kilns.  A  43^-in.  brick  is  satisfactory  for  kilns  of  6  and 
6  ft.  diameter.  The  thicker  bricks  protect  the  shell  better  and  prevent 
warping,  but  in  the  smaller  kilns  they  reduce  the  available  diameter  too 
much.  The  lining  wears  down  rapidly,  and  frequently  individual  bricks 
are  loosened  or  broken  in  cutting  out  the  ring.  If  the  shell  becomes 
warped  under  the  tires,  as  is  frequently  the  case  when  the  kiln  is  not  re- 
inforced strongly  enough  at  this  point,  it  is  very  diflScult  to  keep  the 
bricks  in.  A  93^-in.  lining  should  last  over  a  year  in  the  hot  part  of  the 
kiln  where  the  ring  forms,  and  very  much  longer  in  the  cooler  end. 

Automatic  feeders  are  frequently  used  to  insure  a  constant  rate  of 
charging,  but  they  are  really  unnecessary,  as  the  slow  motion  of  the  kiln 
will  effect  this,  if  only  a  simple  feed  pipe  is  used.  All  machinery  used  in 
handling  the  ore  and  the  fuel  and  in  rotating  the  kihi  should  be  as  nearly 
dust  proof  as  possible,  and  should  be  driven  by  fully  inclosed  motors,  as 
the  fine  cinder  dust  is  very  harmful.  The  best  plan  is  to  keep  the 
feeding  apparatus,  the  machinery  for  handling  the  roasted  ore,  and  the  fuel 
pulverizer  and  blower,  all  under  separate  housings.  The  kiln  itself 
does  not  need  to  be  housed,  except  where  such  housing  is  necessary  to 
protect  its  driving  machinery.  Powdered  coal  is  used  as  the  fuel,  so  far  as 
I  know,  exclusively,  with  the  exception  of  one  or  two  plants  where  blast- 
furnace gas  has  been  tried.  An  oil  flame  would  probably  be  very  satis- 
factory where  cheap  oil  could  be  obtained,  on  account  of  the  ease  of 
controlling  the  temperature  incident  to  its  use. 

The  cost  of  production  of  a  ton  of  roasted  ore,  aside  from  the  cost  of 
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the  raw  cinder,  depends  chiefly  on  the  labor  cost.  Two  men  on  a  shift 
should  be  able  to  take  care  of  a  well-designed  plant  producing  up  to  100 
tons  in  24  hr.,  while  in  a  poorly  designed  plant  this  number  might  easily 
reach  four  or  five.  On  a  small  kiln,  60  by  6  ft.,  the  labor  cost  per  ton,  on 
high-sulphur  fine  cinder,  averaged  40c.  for  several  months,  and  with  the 
same  kiln,  using  high-grade  lump  cinder,  this  figure  was  reduced  to  30c., 
but  both  these  figures  were  excessive  on  account  of  faulty  design,  that 
made  necessary  three  and  four  men  on  a  shift;  also  on  account  of  a  very 
low  output  per  man,  due  to  the  small  size  of  the  kUn.  On  the  other  hand, 
this  was  partly  balanced  by  the  fact  that  wages  were  low,  and  only  two 
shifts  were  necessary.  Repairs  and  supplies  should  not  cost  over  8c. 
per  ton  of  roasted  ore  on  a  kiln  of  any  size.  The  important  factor  in 
economic  kiln  operation  is  careful  designing,  and  it  cannot  be  said  too 
strongly  that  the  cost  of  operation  of  a  rotary  kiln  will  be  almost  entirely 
determined  by  the  layout  of  the  plant. 

The  roasted  ore,  for  which  the  cement  term  of  clinker  is  used,  works 
very  well  in  the  furnace.  In  Virginia  practice,  where  the  blast  pressure  is 
comparatively  low,  it  is  not  essential  that  the  nodules  should  be  large* 
If  80  per  cent,  of  the  clinker  stays  on  a  screen  of  3^-in.  mesh,  there  will 
be  no  difficulty  in  the  furnace  at  pressures  of  under  9  or  10  lb.  It  is  very 
easy  to  make  larger  nodules,  but  as  a  higher  temperature  is  required  to  do 
so,  with  the  attendant  evils  of  more  frequent  "ringing,"  greater  fuel 
expense,  and  a  harder,  less  porous  product,  it  is  better  to  keep  the  nodules 
as  small  as  possible.  The  clinker  frequently  forms  from  one-sixteenth  to 
one-half  of  the  burden  without  ill  effects,  working  with  "brown  ore"  and 
specular  hematites,  and  by  its  use  the  yield  of  the  Southern  furnaces  where 
the  native  ores  are  lean  can  be  raised  from  a  scant  42  per  cent,  to  50  per 
cent,  and  over,  depending  on  the  quality  of  the  cinder.  It  is  in  localities 
where  the  native  ore  is  lean  that  the  kiln  is  valuable.  It  affords  an 
opportimity  of  enriching  the  burden  with  a  high-grade  ore  at  a  much 
lower  cost  than  could  be  done  by  direct  purchase  of  lake  or  other  rich 
ores,  and  where  the  silica  in  the  native  ore  averages  well  over  20  per 
cent.,  it  is  indispensable  that  the  burden  should  be  sweetened  in  some 
way  to  cut  down  the  excessive  amount  of  flux  and  consequent  fuel 
necessary  to  produce  good  iron. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  ihoidd  prafenbly  be  piMonted  in  penon  at  the 
San  Frandsoo,  meeting,  September,  1916,  when  an  abstraot  of  the  paper  will  be  read.  If  this  is  im- 
poerible,  ihen  diBouaaon  in  writing  may  be  tent  to  the  Editor,  American  Institute  of  Mining  Engineers. 
20  West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Seoretary  or  other  representative  ox 
its  author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Nov.  1, 1916. 
Any  diBcuasion  ofifered  thereafter  should  preferably  be  In  the  form  of  a  new  paper. 


The  Mexican  Oil  Fields 

BY  L.  G.  HUNTLEY,*  PITTSBURGH,  PA. 
CSan  Francisco  Meeting,  September,  1916) 

I.  History  of  Oil  Development  in  Mexico 

The  occurrence  of  oil  or  "tar"  in  Mexico  was  mentioned  as  early  as 
the  seventeenth  century  by  Friar  Sagahun,  who  gives  the  Indian  name 
"chapopote,"  by  which  these  asphalt  seepages  are  still  called.  This 
asphalt  was  apparently  used,  as  it  has  been  used  by  primitive  people  in 
many  parts  of  the  world,  in  rehgious  ceremonies  and  for  medicinal  pur- 
poses. Travellers  also  report  that  the  ruins  in  Yucatan  and  the  pyramids 
in  southern  Mexico  show  traces  of  the  use  of  "chapopote"  as  a  building 
cement.^ 

DeGolyer  says  that  the  first  attempt  to  exploit  oil  or  gas  in  Mexico 
in  a  commercial  way  is  shown  by  the  records  of  the  Memoria  de  Fomento 
of  186d,  when  permission  was  granted  to  a  Senor  Ildefonso  Lopez  to 
exploit  the  deposits  of  petroliferous  substances  in  the  San  Jose  de  las 
Rusias  area  in  the  State  of  Tamauhpas.  Other  concessions  follow,  and 
probably  refer  to  surface  seepages  which  occur  in  that  district.  This  was 
several  years  after  the  discovery  of  oil  in  Pennsylvania.  In  1868, 
a  well  126  ft.  deep  was  drilled  by  a  company  organized  in  Mexico  City, 
in  what  is  now  known  as  the  Furbero  district,  and  a  little  oil  was  refined 
there. 

In  1873,  residents  of  Tampico  denoimced  seepages  along  the  Tamesi 
River,  and  asphalt  was  mined  near  Tempoal  in  the  Canton  of  Tantoyuca. 
No  drilling  was  attempted.  But  between  1880  and  1883  several  shallow 
wells  were  drilled  for  oil  in  Mexico,  two  of  them  being  near  the  present 
Potrero  de  Llano  field  west  of  Tuxpam.  The  wells  were  drilled  by  a 
Boston  company  with  Canadian  rigs,  and  are  said  to  have  reached  a  depth 
of  about  400  ft.,  while  one  is  reported  to  have  flowed.  Several  other 
abortive  attempts  were  made  to  drill  for  oil  between  1885  and  the  begin- 
ning of  the  present  century,  about  which  time  the  Mexican  Petroleum  & 
Liquid  Fuel  Co.,  Ltd.,  in  which  Cecil  Rhodes  was  interested  drilled  24 
wells  unsuccessfully,  several  of  them  as  deep  as  1,500  ft.,  in  the  State 

*  Johnson  and  Huntley,  Consulting  Oil  Greologists. 

*  De  Golyer.    Oil  and  Gas  Journal^  April  16,  1914. 
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of  Vera  Cruz.  Also  Messrs.  Doheny  and  Canfield  of  California  pur- 
chased land  in  the  State  of  San  Luis  Potosi,  and  in  May,  1901,  the  first 
successful  well  was  struck  in  the  present  field  of  Ebano,  50  miles  west  of 
Tampico.  Various  shallow  wells  were  drilled  about  this  time  in  the 
States  of  Vera  Cruz,  Tamaulipas,  near  Guadalupe,  Chiapas,  and 
Tabasco  on  the  Isthmus  of  Tehauntepec;  and  several  asphalt  companies 
attempted  to  mine  the  surface  deposits  in  the  Cantons  of  Tuxpam  and 
Ozuluama. 

In  1904,  drilling  was  commenced  by  the  Oil  Fields  of  Mexico  Co. 
(Pearson  interest)  at  Furbero,  and  its  first  well  was  brought  in  success- 
fully. Pez  No.  1,  the  first  large  well  on  the  Ebano  property,  was  also 
brought  in  during  the  same  year,  and  has  flowed  continuously  since. 
About  1907,  drilling  became  more  active,  especially  in  the  Cantons  of 
Tuxpam  and  Ozuluama.  It  was  started  at  San  Diego  by  the  Pennsylvania 
Oil  Co.,  at  Tumbadero  by  the  Pearson  interests,  and  at  Juan  Casiano  and 
Tres  Hermanos  (La  Pithaya)  by  the  Huasteca  Petroleum  Co.  A  Mexican 
bank  drilled  four  shallow  wells  near  the  Tampalache  seepage,  just  north 
of  the  Panuco  field.  Operations  were  also  commenced  by  Pittsburgh 
interests  at  Los  Esteros,  in  the  State  of  Tamaulipas. 

In  1908,  the  Pearson  refinery  at  Minatitlan  on  the  Isthmus  of 
Tehauntepec  commenced  operations.  In  May  of  the  same  year  San  Diego 
No.  2,  the  discovery  well  of  the  Dos  Bocas  field,  came  in  with  a  produc- 
tion of  2,600  bbl.  daily.  On  July  4,  the  famous  San  Diego  No.  3  was 
brought  in,  caught  fire  immediately,  and  burned  until  extinguished  by 
encroaching  salt  water.  The  Chijol  field  in  the  Ebano  district  and  the 
Topila  field  were  brought  in  during  this  year,  which  inaugurated  impor- 
tant operations  in  the  Mexican  oil  fields. 

The  year  1910  saw  the  discovery  well  of  the  Panuco  field  (East  Coast 
Oil  Co.  No.  401)  drilled,  and  the  first  well  in  the  Tanguijo  and  San  Pedro 
districts  were  put  down  in  that  year  by  the  Pearson  interest,  the  Mexican 
Eagle  Petroleum  Co.  The  Huasteca  Petroleum  Co.  also  brought  in  its 
No.  6  and  No.  7  Juan  Casiano,  one  with  14,000  bbl.  and  the  other  with 
28,000  bbl.  daily  production.  About  the  time  these  came  in,  this  company 
completed  its  8-in.  pipe  line  from  that  field  to  Tampico.  The  Mexican 
Eagle  Co.,  having  completed  its  pipe  line  from  Furbero  to  Tuxpam, 
brought  in,  in  December,  1910,  the  famous  Potrero  del  Llano  well,  yielding 
about  100,000  bbl.  daily.  Drilling  was  by  this  time  very  active;  and  in 
1911  the  first  exportations  of  crude  oil  were  made  to  the  United  States 
from  Tampico. 

In  July,  1912,  the  Government  put  a  tax  of  20  centavos  per  metric  ton 
(1.1  c.  U.  S.  gold  per  barrel)  upon  all  oil  produced  in  the  Republic.  The 
construction  of  a  large  fleet  of  tank  steamers  had  already  been  com- 
menced by  the  Huasteca  Petroleum  Co.  In  1913,  the  Penn-Mex  Fuel  Co., 
now  a  subsidiary  of  the  Standard  Oil  Company  of  New  Jersey,  through  the 
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South  Fenn  Oil  Co.,  brought  in  two  good  wells  in  the  Alamo  field  near 
Potrero  del  Llano.  The  Chila-Salinas  and  the  Topila  field  began  to 
suffer  severely  from  the  invasion  of  salt  water.  The  Mexican  Eagle  Co, 
brought  in  the  discovery  well  in  the  Los  Naranjos  field  in  Amatlan,  which 
has  since  broken  its  valve  and  proved  to  be  a  much  larger  producer  than 
was  estimated  by  flowing  at  the  rate  of  50,000  bbl.  per  day  for  a  week. 
On  December  1,  the  Government  raised  the  production-tax  to  75  centavos 
per  ton  ( approximately  4c.  U.  S.  gold  per  barrel)  besides  increasing  numer- 
ous duties  affecting  the  petroleum  industry.  A  bill  was  proposed  in  the 
Chamber  of  Deputies  for  the  nationaUzation  of  the  petroleum  industry, 
but  no  decisive  action  was  taken. 

During  January,  1914,  the  Dutch  Shell  interest  (La  Corona  Petroleum 
Company)  brought  in  its  big  well,  which  is  estimated  to  have  a  capacity 
of  100,000  bbl.  per  day,  in  the  Panuco  field.  During  the  spring  of  this 
year  the  activity  of  both  the  Federals  and  the  Constitutionalists  became 
very  great  in  the  vicinity  of  Tampico,  culminating  in  a  general  exodus  of 
the  foreign  employees  of  the  oil  companies  in  April,  at  the  time  of  the 
Vera  Cruz  affair.  Operations  came  to  a  standstill  for  a  time,  but  the 
foreign  employees  gradually  returned  during  the  next  two  months,  and  re- 
stricted  drilling  was  carried  on  by  some  of  the  larger  companies,  especially 
in  the  Panuco  field.  But  continued  guerrilla  warfare,  and  the  generally 
hostile  attitude  of  all  Mexican  factions,  led  to  heavy  demands  upon  all 
companies,  so  that  affairs  in  the  oil  fields  were  by  no  means  normal  when 
the  European  war  broke  out  in  August.  In  addition  to  this,  Ughtning  set 
fire  to  the  big  Potrero  del  Llano  No.  4  well,  which  was  not  entirely  extin- 
guished until  after  the  end  of  the  year.  During  the  latter  part  of  the  year 
hardly  a  string  of  tools  was  running.  Gen.  Carranza  meanwhile  appointed 
a  commission  to  examine  into  the  oil  industry  in  Mexico  and  to  make 
recommendations  as  to  future  methods  of  regulation.  The  conditions 
under  which  new  work  might  be  carried  on  under  this  decree  were  pro- 
hibitory, and  resulted  in  a  complete  shutting  down  of  all  work  during  the 
early  part  of  1915.  However,  the  Carranza  government  later  modified 
its  attitude,  and  agreed  to  issue  permits  to  companies  making  applica- 
tion, under  which  they  could  operate  under  certain  restrictions,  pending 
the  result  of  the  work  of  the  commission.  This  remains  the  situation  in 
June,  1915,  and  development  work  is  being  carried  on  under  difficulties, 
with  only  about  six  rigs  running.  Oil  shipments  have  not  been  inter- 
rupted, however. 

II.  Production 

The  following  table  shows  the  annual  production  of  petroleum  in 
the  Mexican  fields  since  1904.  Within  the  last  three  years,  this  has  not 
represented  the  productive  capacity,  which  was  much  greater.  The  com- 
pletion of  additional  transportation  lines  to  seaboard,  the  building  of 
more  tank  ships,  and  the  lessening  of  the  over-production  of  high-grade 
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oil  in  the  United  States,  together  with  the  broadening  market  following 
the  end  of  the  European  trouble,  will  see  the  production  of  the  Mexican 
fields  advance  enormously.  At  present  they  are  yielding  only  about 
70,000  bbl.  per  day;  but  the  wells  already  drilled  could  produce  330,000 
bbl.  per  day.  In  fact,  the  latest  figures  on  good  authority  make  this 
capacity  more  than  500,000  bbl. 

Production  op  Oil  in  Mexico 


Year 

Barrels  (42  gal.) 

Year 

Barrels  (42  gal.) 

1904 

200,000 

1910 

4,099,000 

1905 

300,000 

1911 

13,655,488 

1906 

500,000 

1912 

16,844,066 

1907 

1,000,000 

1913 

24,574,500 

1908 

3,481,000 

1914 

25,725,403 

1909 

2,765,000 

During  the  latter  part  of  1914  there  were  56  companies  actually  operat- 
ing in  the  Mexican  fields.  But  some  200  companies  had  been  organized 
and  were  engaged  in  the  business  in  one  way  or  another.  Most  of  these 
were  American  companies,  the  exceptions  being  the  Pearson  interests 
(English),  the  Dutch  Shell  interest  (English  and  Dutch),  and  a  number  of 
Mexican  companies  particularly  in  the  Panuco  and  Topila  field.  The 
principal  shippers  of  petroleum  were  the  Mexican  Eagle  Oil  Co.,  Ltd. 
(Pearson);  the  Huasteca  Petroleum  Co.  (Doheny);  the  Tampico  Com- 
pany; the  Mexican  Gulf  Oil  Co.  (Mellon);  the  East  Coast  Oil  Company 
(Southern  Pacific  Ry.) ;  the  Trans-continental  Petroleum  Co.  (John  Hays 
Hammond) ;  La  Corona  Petroleum  Co.  (Dutch-Shell) ;  the  Panuco  Valley 
Oilfields  Corp.,  Ltd.  (Simms  &  Bowser);  and  the  Penn-Mex  Fuel  Co. 
(Standard  Oil  Company  of  New  Jersey). 

Not  more  thian  50  wells  were  actually  producing,  and  more  than  half 
of  the  oil  produced  came  from  about  six  of  these.  The  rest  were  shut  in, 
waiting  a  better  market,  or  better  transportation,  or  for  other  reasons 
more  or  less  connected  with  business  policy,  which  sometimes  included  the 
obtaining  of  additional  territory  or  the  clearing  up  of  titles. 

The  estimated  total  daily  capacity  of  all  wells  in  the  Mexican  fields 
of  330,000  bbl.  may  be  divided  among  producing  fields  as  follows,  at  the 
beginning  of  the  present  year: 

Barrels 


150,^000  Panuco 


Northern    district, 


4,000  Topila  >  producing  heavy  oil, 

6,000  Ebano  and  Chijol  J    from  10  to  14**  B4. 

65,000  Casiano  and  Los  Naranjos  ]  Southern       district, 

100,000  Potrero,  Alazan,  Alamo,  Tanguijo,  and  }  producing  oil  from 
other  points  shipping  from  Tuxpam         j    18  to  27**  B6. 

Note. — The  Huasteca  Petroleum  Company's  production  at  Cerro  Azul  and  Juan 
Felipe  has  not  been  included  through  lack  of  information;  but  it  is  claimed  that  these 
wells  are  capable  of  adding  175,000  bbl.  a  day  to  this  estimate,  making  the  total 
500,000  bbl. 
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While  these  figures  indicate  what  might  be  expected  of  the  Mexican 
fields  if  transportation  and  marketing  facilities  were  to  make  it  possible  for 
all  wells  to  be  drawn  upon  to  their  full  capacity,  yet  as  a  matter  of  fact, 
the  year  1914  saw  only  an  average  of  70,000  bbl.  per  day  of  actual 
production  distributed  as  follows: 

Barrela 

Topila 398,679 

Southern  fields 18,830,359 

Panuco 6,058,970 

Chila-Salinas,  Ebano,  Chijol,  etc ;  1,108,995 

Tehuantepec 328,500 

Total  Production 25,726,403 

This  was  consumed  or  stored  as  follows: 

Barrds 

Clearances 20,674,357 

Internal  consumption 1,172,898 

Refinery  products 2,000,000 

To  storage 1,888,148 

The  addition  to  stocks  brought  the  total  storage  in  Mexico  at  the  be- 
ginning  of  the  year  to  15,127,834  bbl.  as  follows :  In  steel  storage,  9,668,268 
bbl;  in  earthen  storage  6,369,576  bbl.  (including  508,690  bbl.  unmer- 
chantable). 

Clearances  from  Mexican  ports  were  distributed  as  follows  during 
1914: 

Barrels 

To  the  United  States 15,476,727 

Mexican  Coastwise 4,610,061 

South  America: 195,138 

To  the  Continent  (Europe), 356,205 

To  the  United  Kingdom 69,780 

To  Panama 46,446 

To  Cuba 20,000 

20,674,357 

It  is  not  to  be  expected  that  most  of  the  producing  districts  in  the 
Mexican  fields  will  decline  in  a  manner  similar  to  the  sand  pools  of  the 
United  States.  It  has  been  proved  that  the  estimated  initial  capacity 
in  many  wells  would  be  equaled  if  not  surpassed  by  actual  performance  if 
they  were  allowed  to  flow  freely.  In  fact,  wells  such  as  the  Juan  Casiano 
No.  6  and  No.  7  and  Los  Naranjos  No.  1  and  No.  4,  and  the  Mexican 
Fuel  Oil  Company's  No.  3  Zurita,  all  in  different  districts,  increased  their 
production  after  being  allowed  to  flow,  as  shown  below: 

Initial  Production,         Actual  Flow  Later, 
Barreb  Barrels 

Juan  Casiano,  No.  6 10,000  14,000 

Juan  Casiano,  No.  7 20,000  28,000 

Los  Naranjos,  No.  1 5,000  10,000 

Los  Naranjos,  No.  4 10,000  50,000 

Zurita,  No.  3  (Panuco) 30,000  80,000 
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These  cannot  be  considered  exceptional  cases,  since  so  few  of  the  large 
wells  have  ever  been  allowed  to  flow  freely.  Considering  geological 
conditions,  which  will  be  discussed  later,  such  behavior  is  to  be  expected. 
The  oldest  commercial  wells  in  the  Mexican  'fields  (Fez  No.  1  in  the 
Ebano  district,  and  Juan  Casiano  No.  7)  after  producing  since  1904  and 
1910  respectively,  and  from  widely  separated  districts  have  shown  prac- 
tically no  decrease  in  their  flow  since  they  were  drilled  in.  The  famous 
Potrero  del  Llano  well,  in  the  southern  part  of  the  field,  has  never  pro- 
duced up  to  its  capacity  and  is  still  yielding  as  much  as  ever.  These  last 
two  wells  have  produced  approximately  40,000,000  bbl.  of  oil  each  dur- 
ing their  history,  and  show  practically  no  signs  of  decline,  so  far  as 
known.  The  same  may  be  said  of  the  oldest  well  in  the  Panuco  field 
(East  Coast  No.  401),  drilled  in  1910.  This  is  even  more  remarkable, 
since  the  area  surrounding  this  well  has  been  closely  drilled.  While  a 
few  of  the  smaller  wells  at  Panuco  showed  a  decline  after  being  shut  in 
for  a  time,  yet  this  apparently  did  not  indicate  any  exhaustion,  for  at 
the  same  time  No.  3  Zurita  increased  its  production,  as  indicated  above. 

It  must  be  said  that  producing  conditions  in  Mexico  differ  funda- 
mentally from  the  fields  in  the  United  States,  and  that,  by  reason  of 
these  conditions  there  is  no  vital  need  on  the  part  of  producing  companies 
to  bring  the  oil  to  the  surface  as  quickly  as  possible  (as  at  Cushing), 
and  hence  relatively  little  necessity  for  large  tankage — except  at  terminal 
stations  for  operating  reasons.  The  Mexican  oil  production  comes  from 
about  20  different  distinct  groups  of  wells.  In  all  except  Panuco 
and  Topila,  one  company  usually  controls  a  large  acreage  surround- 
ing its  group  of  wells.  Hence,  each  of  these  20  districts  represents 
a  pool,  or  geological  unit,  in  which  only  a  few  initial  wells  have  been 
drilled.  It  is  thus  to  the  interest  of  each  company  to  drill  eflSciently,  and 
to  keep  wells  shut  in  when  there  is  no  market  or  no  transportation.  There 
is  usually  no  waste  of  oil  or  gas,  except  in  the  case  of  accidents,  or  in- 
ability to  control  a  well.  One  of  the  few  cases  of  waste  happened  re- 
cently, where  a  company  struck  a  gas  well  south  of  the  Topila  field,  which 
it  is  allowing  to  blow  wide  open,  hoping  it  will  show  oil.  This  is  almost 
the  ideal  condition  advocated  by  some  conservationists  in  this  country — 
one  company  to  each  pool. 

There  has  been  very  little  decline  of  pressure  as  yet,  even  in  the  older 
pools;  and  wells  such  as  the  first  ones  at  Ebano  and  Juan  Casiano,  pro- 
ducing since  1904  and  1910  respectively,  are  doing  so  at  practically  their 
original  rates.  In  the  latter  case  40,000,000  bbl.  of  oil  have  been  taken 
from  the  one  well,  with  not  more  than  10  per  cent,  decline  from  its  initial 
daily  production.  If  this  locality  had  been  drilled  up,  as  was  the  case  at 
Cushing,  probably  it  would  almost  have  ceased  to  produce  by  this  time, 
and  might  not  have  produced  as  much  oil  from  all  wells  as  will  be  obtained 
from  the  few  holes  which  will  be  drilled  by  the  present  company. 
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Fio.  1. — Sketch  Map  of  the  Mexican  Oil  Fields,  showing  Pipe  Lines  and 

Railroads. 
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Transportation, — Oil  from  the  Ebano  district  is  used  largely  as  fuel 
by  the  Mexican  railways,  and  considerable  asphalt  for  paving  also  goes 
by  rail.  The  Panuco  oil  all  goes  in  barges  to  terminals  near  Tampico,  and 
thence  in  tank  ships  to  destination.  The  other  fields  all  pipe  their  oil  to 
seaboard  either  at  Tuxpam  or  Tampico,  where  it  is  taken  by  tankers. 
There  are  at  present  427  miles  of  pipe  line  in  Mexico,  mostly  8  in.,  some 
is  6  in.  and  smaller.  About  50  miles  additional  are  building  or  con- 
templated.   The  principal  lines  are  as  follows  (see  Fig.  1) : 

East  Coast  Oil  Co.;  8-in.  line,  Panuco-Ponce;  about  13.65  miles  com- 
pleted of  a  24-mile  line  to  Tampico. 

Mexican  Eagle  Co.  (Pearson) ;  8-in.  line,  Potrero  del  Llano  t6  Tuxpam; 
8-in.  Une,  Potrero  del  Llano  to  Tierra  Amarilla,'to  Tanguijo,  to  Tamiahua, 
to  San  Sebastian,  to  San  Diego,  to  Bustos,  to  Tampico;  8-in.  Los  Naranjos 
to  San  Diego.  (An  allied  company  has  a  6-in.  Une  from  Furbero  to 
Tuxpam.) 

Huasteca  Petroleum  Co.  (Doheny) ;  two  8-in.  lines  from  Cerro  Azul 
to  Juan  Casiano;  three  8-in.  lines  from  Juan  Casiano  to  San  Geronimo, 
to  Esperanza,  to  Tankville,  to  Tampico;  and  a  gas  Une  from  Juan  Casiano 
to  Tampico. 

j       Penn-Mex  Fuel  Co.  (South  Penn  Oil  Co.);  8-in.  Une  from  Alamo  and 
Agua  Nacida  to  Tuxpam;  4-in.  water  line  paralleUng  above. 

Transportation  is  a  serious  difficulty  in  getting  Mexican  oil  to  the 
market.  Present  equipment  could  not  possibly  handle  the  full  production 
of  aU  weUs  hitherto  driUed,  which  is  variously  estimated  from  330,000 
to  500,000  bbl.  per  day.  In  1913,  the  production  of  these  wells  was 
24,574,500  bbl.  During  1914  none  of  the  old  wells  declined  in  production, 
and  32  new  wells  came  in,  representing  a  possible  new  production  of  196,- 
000  bbl.  per  day.  During  the  same  year  a  number  of  pipe  lines  were 
enlarged  from  6  in.  to  8  in.,  and  at  least  one  new  field  (Los  Naranjos) 
was  connected  with  the  seaboard.  Shipping  faciUties  from  the  Panuco 
field  were  increased,  and  some  new  tankers  went  into  service.  In  spite 
of  all  this  new  production  and  new  equipment,  the  field  yielded  only 
25,725,403  bbl.  of  oil  during  1914.  At  the  present  time  not  more  than  50 
miles  of  additional  pipe  line  are  under  construction  or  contemplated,  and 
very  few  new  tankers,  considering  this  great  shut-in  production.  This 
indicates  that  companies  are  awaiting  a  better  market  before  making  a 
serious  effort  to  get  their  product  from  wells  already  driUed  to  points  of 
consumption.  A  field  with  a  possible  daily  production  of  at  least  330,000 
bbl.,  which  meanwhile  only  produces  70,000  bbl.  per  day,  and  at  the  same 
time  makes  little  effort  to  build  new  pipe  lines  and  tankers,  as  indicated 
by  present  constructions  under,  way,  jfurnishes  strong  evidence  of  the 
effect  of  market  conditions. 

It  is  to  be  assumed  that  developnient  in  Mexico  wiU  be  relatively 
much  slower  than  would  be  the  case  if  these  fields  were  located  within  the 
United  States^  for  the  foUowing  reasons:.  * 
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1 .  The  great  expense  of  operating  keeps  out  all  except  financially  strong 
companies  which  will  not  develop  their  territory  so  rapidly  as  to  break 
the  market,  and,  since  they  control  large  areas  around  their  wells  can  af- 
ford to  suspend  production,  awaiting  a  better  market,  because  they  are 
not  losing  pressure  or  oil  to  their  neighbors  in  the  meantime. 

2.  Political  difficulties  retard  development. 

3.  Government  and  State  taxes,  high-operating  and  maintenance 
charges,  as  well  as  the  cost  of  transportation  by  tank  ships,  add  to  the 
cost  of  the  oil  delivered  to  markets  such  as  the  United  States.  These 
expenses  make  it  impossible  to  put  oil  into  United  States  markets  for  less 
than  35  c.  per  barrel  at  Gulf  Coast  ports  or  approximately  50  c.  for 
Atlantic  ports.  The  price  for  this  oil  cannot  break  below  these  costs  for 
any  except  small  lots,  offered  at  times  of  a  crisis  in  the  field.  This  is 
particularly  true,  since  the  largest  producers  also  control,  either  in 
Mexico  or  in  the  United  States,  their  own  pipe  lines,  tankers  and  refineries. 

It  may  be  added  that  Mexican  oil  at  those  prices,  plus  a  profit,  must 
compete  with  Gulf  Coast  and  California  fuel  oil,  and  Oklahoma  residues. 
The  fact  that  it  cannot  be  brought  to  this  country  and  sold  at  a  price  much 
below  these  domestic  oils  prevents  its  being  diverted  into  as  many  new 
channels  as  usually  open  when  the  price  breaks  to  a  low  point;  hence  the 
market  will  not  expand  so  rapidly.  In  so  far  as  transportation  is  a  factor 
of  this  relatively  high  price  for  Mexican  oil,  it  is  the  reason  for  this  re- 
stricted market.  And  it  must  be  admitted  that  transportation  is  thus 
indirectly  the  chief  factor  in  keeping  down  production. 
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III.  Operations  in  Detail 

The  following  was  the  approximate  status  of  all  operations  in  the 
Mexican  fields  during  the  spring  of  1915: 

Mexican  Eagle  Petroleum  Company,  Ltd.     (Pearson  interest) 


WeU  No.        ! 

1 

• 

Property 

Daily 

Production 

Barrels 

i,2,3& ; 

4 

1 

Dos  Bocas  (Lease) 
Camp  abandoned 

Small 
200,000 

Nos.  1,  2,  &  3  were  small  producers. 
No.  4  came  in  at  200,000  bbl.  a  day 
and  burned  for  57  days,  ruining  the 
field 

1,2&3 ' 

San    Antonio    de  Dry  holes,  all 
Tamihui  (Lease)  more  than 

3,000  ft.  deep 

1 

. 

Potrero  del  Llano 

Wells  about  2,000  ft.  deep 

1 ' 

(Lease) 

800 
600 

Dry  hole 
110,000 

Shut  in 

2 ' 

Shut  in 

3 i 

4 i 

Gusher 

1 

5 j 

Shut  down 

6 

Abandoned 

7&8 ; 

DrillinfT 



Alazan  Ranch 

(Lease) 

Adjoining  Potrero  del  Llano 

1&5 

Abandoned 

.2&3 

Salt  water 

• 

4 

11,000 
3,000 
2,000 

Shut  in 

6 

Shut  in 

7 

Shut  in 

Q 

Crooked  hole 

9 

3,000 
1,000 

Shut  in 

10 

Shut  in 

11,  12&13 

DrillinK 

1 

Tierra  Amarilla 

South  Field 

1  to  5 

(Lease) 

1 

Salt  water  and  small  amount  of  oil 

6 

Can  produce 
6,000  bbl. 
oil  and  4,000 
salt  water 

Shut  in 

7,  8,9,  &  10.. 

Producing    salt    water     and    small 

11  to  15 

1 

1 

amount  of  oil. 
Drilling  or  derricks 
Location 

lei 
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Mexican  Eaqle  Petroleum  Company,  Ltd.    (Pearson  interest). — Continued 


WeUNo. 


Ito20 


1.... 
2&3 

4.... 


5,  6,  k  7 


1&3 

2.... 


1 
2 


1&2 


1&2. 
3&4 


Daily 

Production 

Barrelfl 


Remarks 


Naranjos    (Lease 
and  fee) 


San  Marcos 

(Lease) 


South  field 
Total  production  about  500  bbl.  a  day.    Nos.  2,  5,  6, 

7,  8,  9,  10,  11,  13,  16,  17,  and  18  are 
shallow  wells  about  1,300  ft.  deep. 
No.  20,  1,750  ft.,  20  gravity  oil,  came 
in  Mar.  11,  1914,  located  3  miles 
from  Nos.  1  to  19  inc. 


10,000 


60,000 


Amatlan  20  gravity  oil 

1,885  ft.  deep 

Dry  holes,  about  2,300  ft. 

Flowed  this  amount  for  a  week  when 

gate  valve  broke 

Locations 


150 


South  field,  20  gravity 

Dry  at  about  2,800  ft. 
Shut  in 


Tierra  B 1  a  n  c  a, 36  gravity  oil 

(Lease) 

Abandoned 
20 


Shut  in;  3,100  ft.  deep 


Tlacolula  (Lease) 


Dry  holes  at  4,100  ft. 

3A;4 1 Drilling  and  derrick 


San  Pedro  (Lease) 


State  San  Luis  Potosi 
10  (each)     ]  Shut  in;  45  gravity  oil 
Drilling 


HuASTECA  Petroleum  Company  (Doheny  Interest) 


3,  4  &  5 

6 


7.... 
8&9 


Juan  Casiano 
(Fee  and  lease) 


400 
100 

10,000 
25,000 


Chinampa,  19  gravity 

Shut  in;  1,700  ft. 

Shut  in;  1,700  ft. 

Abandoned 

Shut  in;  2,070  ft. 

Has  been  flowing  5  yr.;  1,700  ft. 

Drilling 


2078 


THE  MEXIGAl^   OIL   FIELDS 


HuASTECA  Petboleum  Compant  (Dohbny  Interest). — {Continued) 


Well  No. 


2  to  5  inc. 
1 


Property 


Daily 
Production 


RemarlcB 


'Cerro    Azul   (fee) :  South  field 

I  Reported  27  jpravity  oil 

'  Abandoned 

Shut  in 


Juan  Felipe  (fee) 


South  field 

Shut  in 

Five  weUs  are  reported  completed  on  these  two  prop- 
erties, with  a  combined  capacity  of  175,000  bbl. 
daily.  Pressures  reported  from  575  to  1,080  lb .  for 
different  weUs 


Pithaya     (fee) 

Northwest  of  Casiano 

142 

Abandoned 

3&4 

Drilling 

■wr-«c       ^  ........    ^     ......     ^      ..     i      .      ^     .     ^      .      . 

Juarez  (sub-lease) 

Adjoining  Pithaya 
Shut  down 

1&2 ShowinNo.l 

1 
Ebano       field 

Fifty  miles  west  of  Tampico 
All  but  5  flbut  in;  11  iTTAvity  oil 

lto27 

8,000 

Pbnn-Mbx  Fuel  Company  (South  Pbnn  Oil  Co.) 


Alamo  Ranch 

(Lease) 

South  of  Tuxpam  River 

1 

2,000 
20,000 

2 

3&4 

Drilling 

1 

Asua   N  a  c  i  d  a 

South  of  Tuxpam  River 

1 

(Lease) 

Show 

2 

• 

Abandoned  2,700  ft. 
Drilling 

3 

1 

1 

4 

Derrick 

Tamatoca  (Lease) 

Near  Potrero  del  Llano 

1 



Drilling  at  2,950  ft.  last  year 

Las  Canas  (Lease) 

South  of  Tuxpam  River 
Drilling  at  3,000  ft. 

1 

1 

Molino  (Lease) 

1 

Derrick 

THE  MEXICAN   OIL   FIELDS 


2079 


International  Pbtroleum  Company  (John  Hats  Hammond  Interests) 


Well  No. 

Property 

DaUy 
Production 

RemarkB 

Tinaja  Ranch 

South  of  Amatlan 

1&2 

Dry  holes 

• 

1 

San     Marcos 

Near  Tanguijo,  shut  down  at  3,200  ft. 

2 

Derrick 

1 

Mexican  Eastern  Oil  Compant 

San       Diego 
Ranch  (Near  Dos 
Bocas) 

No.  1 

Abandoned  at  2,785  ft. 

Electra  Oil  Compant 

Rancho  Aba  jo. 
(EastofCasiano) 

1 

Show  oil 

DrilliniF 

1 

Mexican  Premier  Oil  Compant  (Spbllacy) 

• 

Soledad  Ranch. 

1 

(north  of  Cuecil- 
los) 

1 

Shut  down  at  2,350  ft. 

Hidalgo  Pbtro 

LEUM  Co.   (M. 

A.  Spellact  et  al) 

1 
Tia  Calle 

1 

Rigging  up 

• 

Cortbz  Oil  Compant  (American  Tobacco  Co.  Interests) 
(Now  the  Port  Lobos  Petroleum  Co.) 


3 Empalizada 

4 ,  (Amatlan)  (north 

of  Casiano) 
1 Sandoval 


Shut  down  at  2,700  ft. 
25,000        Shut  in.    Casing  trouble 


Drilling  (offsetting  No.  4  Tepetate) 
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Galey  et 

AL 

Well  No. 

Plroperty 

Duly 
IVoduetion 

Remarks 

San  Diego  de  la 
Mar 

In  Chinampa 

Shut  down  at  2,100  ft. 

1 

> 

1 

Standard  Oil  Compant  of  Mexico 

El  Gallo   Ranch 
(Lease) 

1 

1 

Abandoned  at  2,727  ft. 

t 

Mexican  Fuel  Oil  Company 

Caracol    Ranch 
(11  to  12  gravity 
oil) 

West  of  Tampico 

Abandoned,  shallow 
Shut  in,  shallow 
Shut  down 
Flowing,  770  ft.  deep 

1 

2,  3  &7 

350 

4,  5  A;9 

8 

176. 

Tampico  Fruit  Company 

Caracol  Ranch 

Fifteen  miles  up  the  Panuco  River 
Shut  in  2,910  ft. 

1 

2 

Tampico  Oil  C< 

o.y  Ltd. 

Chila    Ranch 

Near  Caracol;  12  Gravity 

Flowing 

Shut  in 

1&4 

206 
60 

2&3 

Salinas    Ranch 

16  gravity  oil 
Sanded  up;  1,603  ft. 
Drilling 

2 

100 

1 

o 

Dob  Banderas  Oil 

&  Gas  Co. 

1 

'  Dos  Banderas 
lease   (Near 
Tampico) 

1 

!  Caracol  lease 

Small      pro- 
duction 

Smith  Oil  ( 

Shut  down;  3,480  ft.  deep 

No.  1 

Uo. 
Drilling  at  1,926  ft. 

- 
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Topila  Field 


Company 


Mexican  Fuel  Co.  (Pierce  Oil  Corp.) 
East  Coast  CHI  Co.  (Southern  Pacific 

R.R.) 

Mexican  Oil  Co 

American  Fuel  Oil  Co 

La  Corona  (Dutch  Shell) 

Mexican    Gulf    Oil    Co.     (Mellon 

interests) 

Tampico  Panuco  Oil  fields 

Topila  Petroleum  Co.  (Spellacy) . . . 
Fenn-Mex  Fuel  Co.  (South  Penn) 

Scottish  Mexican  Oil  Co 

M.  C.  Anderson 

W.  H.  Milliken 

R.  L.  Brooks  (Producers  Oil  Co.)    . 

Cia.  Petrolera  de  Monterey 

Mexican  Associated  Oil  Co 

Cia.  Explotadora  de  Topila 


Wells, 


Wdls. 


Completed        ^f^g-<* 


3 
1 
1 
2 

1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 


3 
1 


Wells, 

Dry  or 

Abandoned 


1  1 

1 

2  1 

1 

1 

1 

I 

•  •••••i 

2  

1 


Estimated 
Daily  Pro- 
duction, 
Barrels 


750 

100 
2,000 
6,000 

130 


52 

20 

450 

105 
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Panuco  Fidd 


Company 


Wells, 
Completed 


Vera  Cruz  Mexican  Oil  Syndicate, 
Ltd 

International  Petroleum  Co 

Transcontinental  Petroleum  Co i 

Gulf  Coast  Corp 

Mexican  Development  Co , . . . 

La  Corona  Petroleum  Co ' 

Freeport  and  Mex.  Fuel  Oil  Corpor-| 
ation ' 

National  Oil  Co 

Mexican  National  Oil  Co 

Tampascas  Oil  Co 

Penn-Mex  Fuel  Co 

Piedras  Development  Co 

Cia.  Petrolera  Las  Brujas 

Producers  Oil  Co.  of  Tex 

Cia.  Petrolifers,  S.  A 

English  Oil  Co.  of  N.  Y 

Cia.  Petroleo  Mexicana 

Excelsior-Panuco  Oil  Co | 

Mexican  Gulf  Oil  Co , 

Scottish  Mexican  Pet.  Co 

M.  A.  Spellacy 

East  Coast  Oil  Co 

Mexican  Development  Co 

TalVezOilCo i 

Victoria  Oil  Co ' 

Heradura  Oil  Co 

R.  E.  Brooks I 

I 

Cia.  Petroleo  Maritima 

La  Bonanza  Pet.  Co I 

New  Bonanza  Oil  Co 

Cia.  Abastecedora  de  Petroleo  y 

Aceite ' 

Yisarri  &  Blanco 

Cia.  Petroleo  Mexicana  La  Nacionalj 

Cia.  Petroleo  Los  Perforadores 

Cia.  Lidio  de  Petroleo 

Los  Dos  Estrellas  Oil  Co < 

Cia.  Petroleo  La  Oxaquena | 

Cia.  Petroleo  Panuco-Maugaubes . 

George  B!armon 

Alamo  Oil  Co 

Cia.  Hispania-Mexicana 

Panuco-Topila  Pet.  Co 

El  Vado  Petroleum  Co 

Panuco  Valley  Oil  Fields  Ltd 

Pan-American  Oil  Co 

FenixOilCo 


5 
4 
1 
3 
1 
4 

5 
9 
2 
2 
1 
1 


1 
1 
1 
4 
1 
1 
7 


Wells,  Drilling 
and  Locations 


Welb,  Dry 

or 
Abandoned 


EstimAted 
Daily  Pro- 
duction, 
Barrels 


1 
4 
1 
1 


4 
3 
2 
1 
1 


1 
1 

1 
1 
1 
1 


2 
3 
1 


1 
1 


1 
1 
1 
1 

2 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
2 


10,000 
800 
800 
100 

100,600 

31,500 
21,000 

350 
25 
25 


6,500 


75 

1,000 

12,000 

250 

1,000 

8,000 


1,500 


200 


2,000 


1 
1 
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Summarizing  the  above,  we  find  that  there  were  in  the  Mexican  fields 
dming  the  spring  of  1915,  53  wells  producing,  111  shut  in,  and  40 
abandoned;  while  the  number  of  wells  drilling,  shut  down  or  simply 
located;  was  105. 

1.  Markets 

All  oil'  exported  from  Mexico  goes  by  tank  ships.  During  normal 
times  most  of  the  Me^dcan  railroads  are  equipped  for  oil  burning,  and 
obtain  their  fuel  from  the  Ebano  field,  or  from  the  several  refineries  at 
Tampico  or  Miniatitlan  after  it  has  been  "topped."  By  far  the  greater 
proportion  of  all  Mexican  oil  which  is  exported  goes  to  United  States 
ports,  where  it  is  "topped"  and  the  residue  is  sold  as  fuel  or  for  paving 
purposes.    During  1914,  shipments  of  Mexican  oil  were  as  follows: 

Destination  Barrels  (42  Gal.) 

United  States 16,476,727 

Mexican  Coastwise 4,510,061 

South  America 195,138 

Ck)ntinental  Europe 365,205 

United  Kingdom 67,780 

Panama 46,446 

Cuba 20,000 

Total  clearances 20,674,357 

Refineries. — There  are  in  Mexico  the  following  refineries  which 
supply  the  domestic  market  with  refined  oils: 

Daily  Capacity, 
Barrels 

Standard  Oil  Co.  of  New  Jersey  at  Tampico. . .  4,000 

Waters-Pierce Small 

Pearson    (Mex.    Eagle)    (Eventually   25,000), 

Tampico 12,500 

Pearson  (Mex.  Eagle)  at  Minatitlan 15,000  to  25,000 

Huasteca  Pet.  Co.  at  Tampico 10,000 

Huasteca  Pet.  Co.  at  Ebano  Asphalt  Plant 

2.  Quality 

The  oil  produced  in  these  fields  is  divided  roughly  as  to  quality 
into  two  classes — one  heavy  gravity,  running  from  10  to  14°  B6  (0.993 
to  0.973  sp.  gr.) ;  and  one  relatively  lighter,  running  from  18  to  22°  B6 
(0.947  to  0.922  sp.  gr.).  A  small  quantity  of  very  light  crude  oil,  of  30 
to  40°  B6.  (0.840  sp.  gr.),  has  been  discovered,  but  no  promising  de- 
velopments of  it  are  assured. 

The  distillation  analysis  of  this  oil  yields  the  following  percentage  of 
refiined-oil  products,  compared  with  Illinois  and  Oklahoma  crude  oil: 
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Benzine 

W.  W.  Burning  OU 

Gas  oil 

Neutral  Distillate  for  Red  and  Miscel- 
laneous Lubricating  Oil 

Asphalt 

Process  Loss 


Yidda  of  Finiflhed 

Products  from 

Mexican  Crude 

Gravity  2&*  B6 

Per  Ceht. 

7.14 
21.42 
21.42 


11.71 

32.16 

6.15 

100.00 


Yields  of  Finished 

Products  from 

Illinois  and  Oklahoma 

Crude,  Process  No.  3, 

Per  Cent. 

21.00 
18.38 

28.81 


7!  68 

.17:62 

6.51 


100.00 


And  the  following  analyses  of  characteristic  components  and  heat 
value  are  reported  by  Messrs.  Dow  &  Smith,  Chemical  Engineers,  New 
York  City: 

REPORT  OF  ANALYSIS  NO.  6804,  JUNE  11,  1912. 

Specific  gravity  at  60°F 0.9115 

Equivalent  to 23.8''B^ 

Flash,  N.  Y.  State  open  tester 77*F. 

Flash,  N.  Y.  State  closed  tester 65^F. 

Fire  test 120''F. 

Boiling  point  (distillation  begins) 175°F. 

Water Trace 

Viscosity  at  32*F.  (Engler  1st  60  c.c),  sec 1,980 

Viscosity  at  72**F.  (Engler  1st  c.c),  sec 298 

Loss  on  heating  20  g.  5  hr.  at  325''F.,  per  cent 26 .8 

Fixed  carbon,  per  cent 7 .23 

ParafRne  scale,  per  cent 2 .  25 

"Asphalt  Contents"  50  pen.  (slow  evaporation  32  hr.  in  air 

bath  at  300  to  400'*F.),  per  cent 59.5 

''Asphalt  Contents"  50  pen. (quick  evaporation  by  burning), 

per  cent 52 .0 

B.t.u 18,493 

Ultimate  Analysis 

Per  Cent, 

Carbon 82.83 

Hydrogen 12.19 

Oxygen  (by  difference) 0 .  43 

Nitrogen 1 .72 

Sulphur 2.83 

REPORT  OP  ANALYSIS,  NO.  7288 — CRUDE  MEXICAN  OIL 

Specific  gravity  at  60°F 0.985 

Equivalent  to 12.1**B^ 

Flash  (closed  tester) 157°F. 

Fire  test 225'F. 

Sulphur,  per  cent 4 .20 

Scale  paraffine,  per  cent 0 .  518 
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Calorific  value 18,227  B.t.u. 

Viscosity  at  60**F Too  thick  to  take 

Viscosity  at  100°F Too  thick  to  take 

Viscosity  at  212*^.  (200  c.c.  Engler  Viscometer) ....  615  sec. 

Flows  readily  at 150**F. 

Fractional  DistilUUion 

Per  Cent.  Products,  > 

Ist  drop,  140**F. 

140  to  302*F 4  naphtha  distillate 

30i  to  645**F 20  burning  oU  distillate 

645  to  600**F 10  cracking  commenced 

600  to  620°F 16  cracking  continued 

Residue  and  loss 60  cracking  badly,  tem- 
perature fell  to  605°F. 
Penetration  at  77°F.  of  residue  from  fractional  distillation 60 

Asphalt  Contents  by  Evaporation 

100  penetration  at  77°F.,  per  cent 70 . 1 

Ductility  of  ditto,  cm 100.0 

50  penetration  at  77°F.,  per  cent 65 . 7 

Ductility  of  ditto,  cm 100.0 

The  following  are  analyses  of  the  Huasteca  oil: 

Huasteca  Oil, 
Casiano  Field,  Well  No.  7, 
Sample  I 

Gravity  19.4**  B6 Pour,  0 

Flash,  SO^'F B.  S.,  3  per  cent. 

Viscosity,  460  B.  O.  T '.  B.t.u.  per  pound,  19,124 

Fractional  Distillation 

Temperature  Per  Cent.     DeSST&um* 

Over  from259  to  385**F 10  58.7 

Over  from  386  to  493**F 10  

Over  from  493  to  50a**F 1  45.9 

Total 

Distillates 21  51 .5 

Residue 78  13.5;pour,  40 

Loss 1 


100 

Sample  II 

Gravity  19.3°  Be Pour,  0 

Flash,  96 B.  S.,  2  per  cent. 

Viscosity,  500  B.  O.  T B.t.u.,  per  pound,  19,160 
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Fractional  DistiUation 

Temperature  Per  Cent.    jy^'J^^l,^ 

Over  from  244  to  400*»F 10.0  67.8 

Over  from  400  to  493**F 10.0  

Overfrom493  to  500^F 0.6  45.1 

Total: 

DiBtillates 20.6  60.8 

Residue 78.6  13.4 

Loss 0.9                      ' 


100.00 

3.  Costs  and  Prices 

The  cost  of  production  of  oil  (of  about  12°  B^.)  at  Panuco  at  present 
is  about  as  follows: 

Coet  per  Barrel  ot  42  Gal.  ^-  CeiS?^ 

Bar  dues  (*60c.  Mex.  per  Metric  ton  or  6.6  bbl.  ±  av.)  3.8 

Production  tax  (30c.  U.  S.  per  Metric  ton) 4.5 

One-tenth  Royalty  (based  on  an  arbitrary  value  of 

60c.  U.  S.  per  barrel) 6.0 

Transportation  by  barge,  Panuco  to  Tampico 6.0 

Lighterage  (terminal  to  shipside  at  Tampico) 2.0 

Production  expenses  (estimated) 10 .0 

Cost  of  barrel  of  oil,  f.o.b.  ship  at  Tampico 31 .3 

(*Note:  This  is  Mexican  gold  with  an  exchange  value  of  2:1). 

The  cost  of  transportation  by  tank  ship  to  United  States  ports  maybe 
estimated  as  10c.  per  ton  per  day.  As  the  yoyage  consumes  from  3  to 
10  days,  depending  upon  conditions  and  the  port  to  which  the  oil  is  con- 
signed, the  total  cost  to  destination  will  vary  from  35.5  to  45.3c.  per  barrel. 
Costs  from  Tuxpam  will  differ  with  differing  producing  conditions  in  the 
field;  pipe  line  instead  of  barge  transportation,  and  no  bar  dues;  but 
with  a  slightly  longer  sea  voyage  for  tankers. 

The  official  market  price  during  1914  for  Panuco  heavy  oil  f.o.b. 
ship  at  Tampico,  ranged  from  40c.  a  barrel  in  January  to  20c.  (U.  S.  gold) 
at  the  close  of  the  year.  Evidently  some  oil  was  sold  at  less  than  the  cost 
of  production,  in  order  to  keep  equipment  in  use,  and  to  take  care  of  pro- 
duction Tdiich  could  not  be  shut  in.  Very  little  oil  is  sold  at  the  wells  in 
the  Mexican  fields,  although  a  few  sales  have  been  reported  at  Topila 
and  Panuco. 

The  lighter  oils  (19  to  27°  B^.)  from  the  southern  districts,  are  all 
sold  under  contract  at  higher  prices  than  the  Panuco  oil.  Casiano  oil  is 
valued  at  from  50  to  60c.  f.o.b.  ships  at  Tampico,  which  would  make  its 
value  at  United  States  ports  from  55  to  75c.  per  barrel.  The  oil  from  the 
properties  of  the  same  company  at  Jan  Felipe  and  Cerro  Azul  is  reported 
to  be  as  light  as  27°  B6.  The  oil  from  the  Alamo  lease  of  the  Penn-Mex 
Fuel  Company  is  about  24°  B6.,  which  is  slightly  higher  than  that  from 
the  Potrero  del  Lano  lease  of  the  Mexican  Eagle  Petroleum  Co. 
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4.  Drilling 

Drilling  is  carried  on  in  these  fields  with  heavy  combination  rigs, 
usually  of  the  California  type.  The  rotary  is  used  through  the  soft  upper 
marls  (Mendez  or  Los  Esteros  beds)  into  the  upper  portion  of  the  San 
Felipe  formation.  Here  the  casing  is  set  on  top  of  some  hard  limestone 
shell;  and  drilling  is  continued  with  percussion  tools  through  the  San 
Felipe  and  well  into  the  massive  Tamasopa  lime,  imless  oil  is  found  sooner. 
In  most  of  the  large  wells  the  oil  flow  has  been  struck  in  broken  blue  shale 
or  limestone,  a  short  distance  above  the  top  of  the  Tamasopa.  In 
others,  the  oil  is  found  in  the  upper  few  feet  of  the  Tamasopa.  There 
are  no  defined  oil  "pays"  which  can  be  correlated  with  each  other  from 
one  field  to  another,  or  even  from  one  well  to  another  in  the  same  field. 
The  oil  occurs  in  fractured  zones,  in  which  solution  channels  caused  by  cir- 
culating underground  waters  are  frequent.  This  condition  has  led  to  the 
generaUzation,  based  on  the  experience  of  operators  in  these  fields,  that 
all  the  big  wells  get  their  oil  "high  up;"  or  in  other  words  at  a  shallower 
depth  than  the  average  for  the  locality. 

Drilling  is  very  expensive  in  these  fields.  .  An  operator  expecting  to 
drill  must  estimate  that  his  first  wells,  if  wild-cats,  will  cost  in  the  neigh- 
borhood of  165,000  each,  exclusive  of  the  leasing  expenses.  This  excess 
outlay  may  be  divided  under  the  heads  of  high  wages;  the  establishment  of 
camp  and  commissary;  the  transportation  and  duties  on  drilling  materials; 
the  delays  due  to  accidents  and  waiting  for  materials,  or  the  cost  of  keep- 
ing a  large  stock  of  extra  parts  to  prevent  such  delays;  road  building  and 
rights-of-way  for  roads  and  water  lines;  the  high  cost  of  fuel,  for  wild- 
cat wells;  and  the  cost  of  keeping  up  communication  with  Tampico,  by 
means  of  laimches  and  horses. 

The  difficulties  and  expenses  of  drilling  are  affected  by  geological 
conditions  also.  Along  the  coast  line,  and  the  shores  of  Lake  Tamiahua, 
there  are  deposits  of  varying  thickness,  and  of  Quarternary  and  Recent 
age.  This  is  also  true  in  the  Panuco  field,  where  they  are  about  100 
ft.  thick,  and  obscure  all  evidence  of  structure  and  intrusion.  The 
Mendez  beds  vary  considerably  in  thickness  within  the  same  district; 
and  the  same  appears  to  be  true  of  the  San  Felipe  series.  There  are  no 
horizons  within  either  of  these  formations  which  can  be  correlated,  even 
between  two  nearby  wells.  And  owing  to  the  difficulty  in  determining 
exactly  from  a  well  record  the  top  of  the  Tamasopa  limestone,  due  to 
the  gradual  transition  from  the  San  Felipe  series  to  a  massive  limestone 
phase  near  the  bottom,  it  is  impossible  to  ascertain  positively  the  extent 
and  position  of  such  unconformities  as  probably  exist.  This  is  even  more 
difficult  because  of  the  lack  of  cooperation  upon  the  part  of  the  various 
companies  doing  geological  work  in  these  fields.  The  isolated  location 
of  the  various  districts  permits  a  degree  of  secrecy  possible  in  few  other 
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fields;  and  several  of  the  large  companies  have  carried  this  policy  to  an 
unjustifiable  extreme.  This  does  not  apply,  however,  to  the  Panuco  and 
Topila  districts. 

The  entire  oil-producing  area  is  crossed  in  various  directions  by 
igneous  dikes  and  intrusions.    These  are  generally  in  the  form  of  basalts 


Fia.  2. — Generalized  Sketch  op  the  Mbxicah  Oil  Fields,  saowiNa  Areal 
Geologv,  Location  of  Main  Basaltic  Intrusions,  and  Strike  of  the  Main  Dikbs 
IN  THE  Cbntkal  Distbict. 

and  diorites,  and  at  various  places  occur  as  very  large  intrusions.     The 
largest  of  these  ia  the  Sierra  Otontepec,  shown  in  Fig.  2. 

As  there  are  no  common  carrier  pipe  Unes,  and  all  companies  owning 
their  own  hnes  have  enough  oil  of  their  own  to  fill  contracts,  there  is  no 
sale  for  oil  in  the  field.  Therefore  the  small  operator  sometimes  gets  a 
white  elephant  on  his  hands  by  drilling  a  good  well  in  a  wild-cat  district. 
He  may  sell  outright  at  considerably  less  than  the  well  is  worth,  if  he  can 
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find  a  purchaser;  or  promote  a  company  of  his  own  to  handle  the  well;  or 
enter  into  an  alliance  with  others  who  will  furnish  money  to  build  pipe 
lines  to  seaboard,  erect  a  terminal,  charter  or  build  tank  ships,  and  finally 
market  the  oil  in  the  United  States  or  elsewhere.  As  matters  stand  at 
present,  with  so  many  wells  shut  in,  the  finding  of  the  oil  is  the  least  im- 
portant step,  particularly  if  there  is  not  enough  territory  leased  in  the 
vicinity  to  protect  such  a  well,  and  justify  capitalists  in  undertaking  the 
further  development  of  the  project. 

IV.  Geology 

1.  Stratigraphy 

In  the  Mexican  fields  four  distinct  formations  are  encountered:  (1)  an 
upper  series  of  fossiliferous  Tertiary  sandy  limes  and  sandstones,  inter- 
bedded  with  hmy  and  sandy  clays,  the  beds  varying  in  thickness  from  600 
to  1,300  ft.;  (2)  an  intermediate  section,  2,000  to  3,500  ft.  thick,  of  gray 
marls  and  shales  (called  Mendez  marls,  or  Los  Esterosbeds),  the  upper 
portion  of  which  has  been  indentified  as  Eocene  Tertiary  which  give 
place  in  their  lower  portion  to  (3)  the  San  Fehpe  or  Valles  beds  of  lime- 
stone shells  alternating  with  blue  and  brown  shales  200  to  700  ft.  thick. 
These  lie  upon  (4)  a  massive  blue-gray  (Tamasopa)  limestone  formation, 
at  least  3,000  ft.  thick,  fossiUiferous  in  its  upper  portion,  of  Lower  Creta- 
ceous age.  In  some  areas,  the  upper  Tertiary  Umestones  have  been 
eroded  away,  and  the  surface  formation  consists  of  marls  (see  Fig.  2). 

a.  The  Upper  Tertiary. — The  upper  Tertiary  formations  have  been 
divided  by  some  geologists  into  the  western  or  Tanlajas  series,  and  the 
eastern  or  Ozuluama  and  Temapache  series.  While  they  keep  their 
general  character  as  marine  deposits  of  rapidly  alternating  sandy  lime- 
stones and  clays,  and  local  beds  of  fossils  such  as  the  beds  of  nummulites 
and  orbitoides  in  the  central  districts  can  be  correlated  for  short  distances, 
yet  such  correlations  cannot  be  carried  from  one  area  into  another  with- 
out much  care. 

In  the  western  or  Tanlajas  district  these  beds  average  about  1,100  ft. 
in  thickness,  while  in  the  easternmost  wells — those  at  Tanguijo — they  are 
at  least  1,200  ft.  thick.  These  upper  Tertiaries,  however,  practically 
cover  the  southern  and  central  portions  of  the  Mexican  field,  except  where 
river  valleys  have  exposed  the  underlying  marls  by  erosion,  or  where 
large  basaltic  intrusions  have  taken  their  place. 

These  upper  Tertiaries  have  been  found  oil-bearing  at  one  locality 
only — ^Tanguijo.  Here  the  Aguila  company  has  drilled  a  number  of  wells, 
which  are  capable  of  pumping  about  500  bbl.  per  day.  The  oil  is  21°B6. 
and  the  wells  decline  rapidly.  Near  the  bottom  of  the  upper  Tertiary  sec- 
tion in  the  Tuxpam  district,  a  dark  bituminous  sand  bed  is  reported. 
This  does  not  appear  in  the  northern  section.     However,  owing  to  the 
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friability  of  these  beds,  and  the  prevalence  of  strong  jointing,  one  finda 
a  great  many  asphaltic  seepages  exuding  from  them  at  the  surface. 
In  most  cases  this  is  due  to  the  fracturing  of  the  underlying  beds,  and  the 
intrusion  of  dikes;  the  oil  finding  an  easy  egress  through  these  upper  beds. 
It  is  believed  by  some  that  the  oil  found  in  these  beds  at  Tanguijo  has 
found  its  way  there  through  migration  from  lower  formations,  through 
fractures.  I  regard  this  as  very  probable.  The  size  of  these  wells  and 
their  behavior  hardly  encourages  prospecting  in  these  beds  for  the  de- 
velopment of  commercial  production,  especially  while  wells  in  other 
districts  are  so  prolific. 

While  there  are  numerous  exposures  of  these  upper  Tertiaries  in  the 
central  and  southern  districts,  and  good  clinometer  readings  can  be 
obtained  at  many  points,  yet  such  data  frequently  prove  misleading. 
The  absence  of  good  key  horizons  makes  it  diflScult  to  locate  fault  lines, 
or  to  determine  their  throw.  It  is  also  frequently  impossible  to  work  out 
the  details  of  the  monocUne  structure  found  in  these  beds;  but  since 
these  minor  irregularities  are  probably  of  little  importance,  this  difficulty 
is  not  of  great  consequence.  In  other  words,  intrusions  and  fractures, 
channeUing  in  the  oil-bearing  limestone,  and  the  effect  of  sedimentary 
gradients  and  unconformities  are  all  of  so  much  greater  importance  in 
these  fields  in  their  influence  on  oil  accuinulation,  thaf  only  the  large 
well-marked  structural  features  need  be  considered,  where  these  other 
factors  are  not  known  to  exist. 

6.  The  Mendez  Marls. — The  Mendez  marls  consist  of  a  very  uni- 
form deposit  of  gray  to  blue  shales  and  marls.  In  regions  of  steep 
folding,  these  often  show  bold  jointing  near  the  surface.  There  is  practi- 
cally no  change  in  their  lithological  character  from  top  to  bottom.  They 
average  from  2,000  to  3,500  ft.  in  thickness.  In  the  Huasteca  country, 
they  are  nearer  the  former  thickness.  A  few  irregular  beds  of  sandy  lime- 
stone are  reported  in  this  formation,  but  they  are  not  persistent.  How- 
ever, there  are  frequently  small  quantities  of  heavy  oil  immediately 
below  them,  although  never  enough  to  sustain  production  of  commercial 
importance. 

The  apparent  thickening  or  thinning  of  these  beds  within  short 
distances  is  sometimes  accounted  for  by  faulting  of  the  formations.  Or 
a  local  steepening  of  the  dip  may  cause  an  apparent  thickening.  The 
upper  limestone  lenses  in  the  San  Felipe  beds  likewise  come  in  and  go 
out,  and  seem  to  indicate  unconformity;  so  that  the  thickening  of  the 
Mendez  marl  beds  is  counterbalanced  by  a  smaller  thickness  of  the  lower 
San  Felipe  series,  the  depth  to  the  top  of  the  Tamasopa  limestone  re- 
maining practically  constant.  Even  this  interval,  however,  is  not  always 
constant  in  the  same  district,  for  the  reason  that  there  is  more  or  less 
unconformity  between  the  top  of  the  Tamasopa  and  the  overlying  San 
Felipe  shells. 
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c.  The  San  Felipe  Formation^ — This  may  be  described  as  a  transition 
series  between  the  upper  Mendez  marls  and  shales  and  the  underlying 
massive  Tamasopa  limestone.  It  begins  with  an  occasi6nal  thin  lime- 
stone shell.  These  increase  with  depth  in  niunber  and  thickness,  being 
interbedded  with  blue  shales  which  conversely  decrease  in  thickness 
downward  until  the  series  gives  place  to  massive  limestone.  These  beds 
apparently  vary  in  thickness  from  about  300  to  as  much- as  800  ft.  Since 
drillers  frequently  do  not  begin  to  record  these  shells  until  they  are  about 
ready  to  set  the  casing,  it  is  impossible  to  estimate  the  thickness  of  the 
series  in  every  well  merely  by  the  well  log. 

These  San  Felipe  beds  are  frequently  the  oil-bearing  formation  in  the 
Mexican  fields,  particularly  for  the  largest  wells.  This  is  because  of  the 
well-known  occurrence  of  strong  fracturing,  with  which  large  oil  accumu- 
lations are  associated.  Oil  is  found  in  such  a  fracture  as  high  as  it  can  go; 
and  any  well  drilling  into  such  a  "fissure"  will  encounter  its  big  flow 
"high  up,"  in  the  terms  of  the  operator;  the  marls  finally  proving  an 
effective  seal  against  its  escape  above  a  reservoir  in  the  San  Felipe. 
Among  others,  the  following  "  gushers  "  never  reached  the  Tamasopa  lime : 
Juan  Casiano  No.  6  and  No.  7;  Pearson's  Los  Naranjos  No.  1  and  No.  4; 
La  Corona  No.  6  at  Panuco,  and  Spellacy  No.  1  at  Panuco.  In  such 
cases,  the  oil  is  usually  found  in  broken  shale  or  channelled  limestone  in  the 
San  Felipe  formation.  However,  since  this  channelling  is  probably  more 
frequent  at  the  base  of  the  series,  where  there  is  considerable  uncon- 
formity, the  top  of  the  Tamasopa  lime  has  come  to  be  looked  upon  as  the 
"pay"  formation. 

While  such  faulting  or  fracturing  extends  to  the  surface  through  the 
Mendez  beds,  as  indicated  by  dikes  and  seepages,  yet  it  is  perfectly  evi- 
dent that  as  these  upper  formations  contain  no  porous  beds,  no  oil  ac- 
cumulations can  be  looked  for  above  the  harder  San  Felipe.  As  these 
soft  marls  have  undoubtedly  been  pinched  together  after  disturbance 
took  place,  they  have  in  many  instances  effectually  sealed  any  outlet 
except  such  passageways  as  those  kept  open  by  igneous  intrusions.  How- 
ever, such  seepages  may  travel  laterally  for  considerable  distances  along 
joint  cracks  in  the  harder  upper  Tertiaries,  before  finding  an  outlet  to  the 
surface — making  the  successful  location  of  wells  problematic  if  based 
upon  no  other  evidence  than  a  seepage  of  chapopote. 

d.  The  Tamasopa  Limestone, — ^Jeffreys  says  that  the  limestones  of  the 
San  Felipe  series  can  be  distinguished  from  the  lower  Tamasopa  lime  in 
that  (1)  they  contain  no  fossils;  (2)  they  are  not  massive;  and  (3)  their 
texture  is  generally  of  more  even  grain  than  that  of  the  Tamasopa.  These 
differences,  however,  are  not  always  easy  to  detect  in  a  well  sample.  The 
Tamasopa  is  a  compact,  hard,  gray,  crystalline  limestone,  fossiliferous 
near  the  top.  It  has  never  been  drilled  through,  and  no  productive 
horizon  is  known  far  below  the  top.    There  are  no  oil  seepages  or  evi- 
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dences  of  hydrocarbon  contents  at  the  outcrop,  far  from  the  contact 
of  overlying  formations.  There  appears  as  yet  no  conclusive  evidence 
that  the  oil  in  the  Mexican  fields  had  its  origin  in  the  beds  of  the  massive 
Tamasopa  limestone,  as  claimed  by  some  geologists.  The  very  nature 
of  such  beds,  especially  considering  the  subsequent  period  of  erosion,  is 
against  such  an  assumption.  On  the  contrary,  there  is  more  evidence 
here  than  in  many  other  fields  pointing  to  the  probability  of  its  having 
migrated  from  the  overlying  marine  marls.  This  will  be  discussed  in 
another  paragraph. 

2.  Structure 

I 

All  the  large  wells  drilled  up  to  the  present  are  located  where  there 
exists  a  significant  combination  of  both  favorable  anticlinal  or  dome  struc- 
ture with  pronounced  fracturing  of  the  formations.  These  fractures 
(frequently  faults  of  relatively  small  throw)  are  usually  accompanied  by 
basaltic  intrusions,  and  seepages  of  asphalt  and  gas.  In  the  Panuco  field, 
all  surface  evidence  both  of  structure  and  intrusion,  has  been  obscured 
(except  at  one  point  north  of  the  river  in  the  Tampalache  area)  by  about 
100  ft.  of  alluvial  sediments;  but  drilling  has  shown  that  the  same  con- 
ditions exist  and  have  influenced  the  oil  accumulation  here  as  in  other  parts 
of  the  Mexican  fields  (see  Figs.,  3  and  4). 

There  has  also  been  faulting  in  connection  with  some  of  these  anti- 
clinal structures,  especially  those  nearer  the  mountains  (Fig.  5).  These 
folds  become  broader  and  less  frequent  to  the  eastward  (see  Fig.  5). 
However,  other  forces  caused  a  number  of  relatively  well-marked  folds 
in  the  vicinity  of  Otontepec,  such  as  those  at  Potrero  del  Llano  and  Los 
Naranjos.  This  folding  was  caused  by  lateral  thrust  and  probably  certain 
vertical  stresses  incidental  to  the  formation  of  the  Sierra  Madre  mountains 
to  the  west.  These  in  turn  set  up  other  lines  of  weakness  in  the  forma- 
tions, through  which  during  late  Tertiary  time  other  igneous  rocks  were 
intruded.  This  is  shown  by  Fig.  6,  which  is  a  map  of  the  central  part 
of  the  fields  in  which  many  of  the  main  basalt  dikes  have  been  located 
by  the  author. 

A  study  of  this  map  will  reveal  a  number  of  interesting  relations,  for 
instance,  the  general  agreement  between  the  strike  of  the  sedimentary 
formations  and  that  of  the  main  dikes  in  the  coastal  portion  of  the  fields. 
A  reference  to  the  sketch  map  (Fig.  2)  showing  the  general  areal  geology 
of  the  Mexican  field,  fails  to  reveal  any  locality  where  the  Tamasopa 
lime  or  even  the  San  Felipe  beds  have  been  thrust  up  to  the  surface  by 
intrusives,  as  claimed  by  some  of  the  earlier  writers.  The  writer  knows 
of  no  instance  where  any  pronounced  doming  has  been  caused  by  the 
upthrust  of  dikes  or  so-called  "plugs"  of  basalt.  Some  very  local  dis- 
tortion and  faulting  has  been  caused  at  certain  places;  but  such  instances 
are  balanced  by  others  in  which  the  sedimentaries  actually  dip  toward 
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Fig.  3. — Map  of  the  Pantjco  Oil  Pool,  showing  "Lay"  op  the  Probable  Top 
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large  igneous  bodies  from  all  sides.  That  is  to  say,  shrinkage  due  to 
cooling  has  more  than  offset  any  ''doming"  effect. 

In  common  with  other  fields  where  the  surface  beds  are  friable,  the 
local  dip  of  such  beds  as  measured  by  a  clinometer  is  apt  to  be  much 
greater  (especially  near  intrusives)  than  that  of  the  underlying  forma- 
tions. Additional  drilling  has  failed  to  corroborate  the  **nail"  theory 
of  the  effect  of  igneous  plugs  or  other  intrusions  upon  the  structure  of 
surrounding  sedimentaries,  in  the  Mexican  field. 

A  reference  to  Fig.  7  will  show  that  some  secondary  folding  by  lateral 
thrust  has  been  caused  by  the  intrusion  of  the  Sierra  Otontepec — ^the 
largest  igneous  mass  in  the  field  west  of  the  mountains. 

Igneous  /n<n«ion«.^r-Again  referring  to  Fig.  6,  it  will  be  seen  that  the 
fields  at  Juan  Casiano,  Los  Naranjos,  Dos  Bocas  and  Panuco  are  all 
located  at  the  intersection  of  strong  fractures,  where  such  intersections 
occur  on  anticlinal  folds.  Access  to  the  well  records  of  certain  operating 
companies  would  undoubtedly  reveal  interesting  data  with  regard  to  the 
relation  of  the  accumulation  of  oil  under  these  conditions  to  possible 
fault  displacement.     Where  the  marls  are  exposed  at  the  surface,  as  at 


FiQ.  5. — Generalized  Section  East  and  West  thbouqh  Northern  Part  of  the 

Oil  Fields.    After  Jeffreys. 

Los  Naranjos  and  Dos  Bocas,  it  is  impossible  to  determine  local  fruits 
from  surface  indications,  unless  they  have  considerable  throw  or  linear 
extent,  enough  to  make  it  possible  to  locate  them  by  inference.  Nor  is 
it  at  all  easy  to  determine  the  throw  of  such  possible  faults,  even  where 
the  harder  Tertiary  beds  are  found  at  the  surface,  due  to  the  lack  of  wdl- 
defined  key  horizons.  However,  sufficiently  detailed  work  will  usually 
give  enough  clues  to  their  existence,  especially  after  a  knowledge  of 
conditions  in  the  surrounding  areas  has  been  gained. 

.  Intersections  of  strong  fractures  are  frequently  accompanied  and 
marked  at  the  surface  by  conical  basalt  peaks,  which  usually  represent  the 
''mushrooming"  of  an  igneous  neck  intrusion.  Wells  drilled  close  to  the 
contact  at  several  of  these  conical  hills  have  disproved  the  theory,  ad- 
vanced by  one  geologist,  that  they  were  "plugs"  whose  conical  shape 
persisted  at  depth.  Such  wells  have  frequently  started  close  to  the 
contact  and  have  been  drilled  into  the  oil  formation  at  more  than  2,000 
ft.  in  depth,  without  encountering  any  further  basalt,  or  any  violent 
distortion.    These  intrusions  and  accompanying  flows  apparently  follow 
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some  fracture  intersection  where  the  resistance  was  least,  and  merely 
represent  knots  along  the  line  of  a  dike  (Fig.  6).  At  other  places  cone- 
shaped  hills  occur,  also  along  the  Une  of  some  fracture  or  dike-line  pro- 


jected, but  with  no  sign  of  basalt  at  the  surface,  and  no  evidence  of  violent 
folding.  The  formations  at  such  places  seem  to  be  in  place,  yet  consider- 
ably harder  than  the  surrounding  district.    It  is  quite  probable  that  some 
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such  intersectioDB,  not  fiUed  with  basalt  to  the  surface,  offered  a  channel 
for  the  circulation  of  underground  water  more  or  less  hot  or  highly  mineral- 
ized, which  metamorphosed  the  sedimentary  formations  in  the  immediate 
vicinity.  These  formations  would  thus  resist  erosion  much  more  readily 
than  the  softer  limes  and  sands  about  the  channel.  One  notable  example 
of  this  is  Cerro  de  Zar^osa,  between  Amatlan  and  Zacamixtle  This 
has  every  appearance  of  being  a  typical  basalt  peak,  yet  examination 
failed  to  show  any  basalt  on  its  sides,  which  are  composed  of  upper  Ter- 
tiary formations.  And  yet  the  peak  is  directly  in  line  with  a  main  series 
of  dikes  extending  from  near  Dos  Bocas  to  Zacamixtle,  through  Juan 
Casiano  and  Los  Naranjos.     (Fig.  6.) 


Another  example  is  the  eastern  peak  of  the  two  on  the  edge  of  Aguada, 
called  Taninul.  The  western  one  is  composed  of  basalt  (Fig.  8),  while 
the  smaller  eastern  peak  shows  only  large  blocks  of  a  metamorphosed 
marl  containing  numerous  small  siliceous  nodules.  This  peculiar  rock 
is  found  at  a  number  of  places  in  the  vicinity  of  large  intrusions  of  basalt, 
and  has  been  caused  by  the  circulation  of  underground  currents,  probably 
both  hot  and  more  or  less  mineralized,  as  pyrite  is  frequently  found 
nearby.  There  are  also  numerous  smaller  peaks  and  conical  knolls 
throughout  the  field. 

3.  Source  of  the  Oil 

In  a  consideration  of  the  source  of  the  oil  found  in  the  wells  in  the 
Mexican  fields,  the  following  facts  hold  true  at  all  points: 
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1.  The  oil  is  found  in  a  porous  and  usuEdly  fractured  limestone  (some- 
times shale)  near  the  top  of  the  Tamasopa  limestone  formation.  Al- 
though a  few  shows,  and,  in  some  cases,  large  quantities  of  salt  water, 
have  been  encountered,  no  oil  in  large  quantities  has  ever  been  found  as 
yet  by  drilling  deeper  into  the  lime. 

2.  Oil  is  also  found,  particularly  in  the  "gusher"  wells,  in  the  broken 
lime  shells  and  blue  shales  of  the  San  Felipe  series,  usually  under  condi- 
tions indicating  strong  fracturing  and  jointing. 

3.  Oil  is  not  found  in  quantity  in  the  homogeneous  marls  overlying  , 
the  San  Felipe,  although  these  marls  are  more  or  less  petroliferous  through- 
out, as  shown  by  drilling.  However,  in  drilling  near  dikes  and  fractures 
when  seepages  occur  at  the  surface,  shows  of  gas  and  heavy  oil  are  often 
encountered  in  the  hole  all  the  way  down. 

4.  These  marls  were  laid  down  upon  already  compacted  limestone 
beds  of  great  thickness  (Tamasopa)  in  which,  so  far  as  now  proved,  no 
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Gas,  Due  to  Coitsoudation  of  Sediments. 

porous  horizon  existed.  It  is  not  considered  probable  that  oil  could  have 
been  formed  within  massive  beds  of  marine  limestone  such  as  these. 

5.  Any  oil  coming  from  below  the  limestone  must  have  been  liberated 
by  fracturing  and  intrusion  and  subsequently  caught  and  held  by  the 
denser  marls,  pinching  together  and  retaining  such  oil  in  the  more  easily 
shattered  and  hence  more  porous  San  Felipe  and  upper  Tamasopa  lime. 
Circulation  of  underground  waters  along  the  unconformity  on  top  of  the 
Tamasopa  may  have  aided  in  forming  reservoirs  for  the  oil.  There  is 
considerable  evidence  of  these  channels  in  some  wells,  but  they  may  have 
been  formed  after  fracturing  had  promoted  circulation. 

This  (5)  presupposes  either  the  inorganic  origin  of  oil,  or  the  existence 
of  enormous  previous  accumulations  of  it  in  formations  at  great  depth — 
below  the  Tamasopa.  The  latter  alternative  does  not  seem  reasonable, 
because  such  previous  accumulations  would  already  have  been  more  or 
less  localized  in  certain  areas,  and  when  allowed  to  filter  upwards  through 
say  10,000  ft.  of  hmestone  after  later  fracturing,  would  have  shown  much 
more  varied  composition,  and  would  have  been  restricted  to  more  local 
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and  erratic  areas  in  the  upper  formations  in  the  Mexican  fields,  instead 
of  being  so  generally  distributed  under  so  nearly  the  same  conditions. 

The  author  holds  it  much  more  reasonable  to  assume  that  the  oil  had 
its  origin  in  the  petroliferous  marine  marls  of  the  Mendez  formation. 
The  compacting  of  these  marls  under  a  constantly  increasing  overburden, 
as  demonstrated  by  King  (Fig.  9),  would  have  forced  the  liquid  content 
into  any  more  porous  bed  existing  below.  It  must  be  remembered  that 
such  marls  are  not  impervious  to  the  movement  of  fluids  at  the  time  of 
compacting,  although  they  gradually  become  relatively  so.  As  there  is 
evidence  of  much  channelling  by  hot  water  along  the  top  of  the  Tamasopa, 
these  channels  offered  both  a  course  for  the  necessary  movement,  and  the 
porosity  for  concentrating  such  oil  as  found  its  way  into  them.  As  stated 
by  Roswell  H.  Johnson,  "If  beds  of  less  compressible  material  (porous) 
meet  or  underhe  the  shales  in  question,  there  will  frequently  be  a  lateral 
movement  along  such  beds  to  some  point  where  upward  movement  will  be 
resumed."  There  may  be  even  today  such  compacting  and  lateral  move- 
ment still  going  on  along  the  shores  of  the  Gulf  of  Mexico,  which  would 
be  most  actively  manifested  along  fracture  and  fault  lines  where  circulation 
upward  could  be  resumed  most  freely.  The  greater  the  opportunity  for 
this  movement,  while  at  the  same  time  there  was  a  chance  for  the  segre- 
gation and  retention  of  the  oil,  the  larger  and  more  extensive  would  be  the 
final  accumulations.  Later  movement  along  bedding  planes  of  the 
marls  probably  found  ideal  catchment  areas  in  fractures  which  had  been 
formed  in  the  meantime,  and  added  to  the  accumulation  of  oil  already 
there.  This  may  account  for  the  different  composition  of  oils  in  the 
different  districts. 

Many  phenomena  noticed  in  connection  with  the  production  of  oil  in 
these  fields  are  worthy  of  study.  Employees  of  the  Mexican  Eagle  ^ 
Petroleum  Co.  report  that  when  sudden  barometric  changes  occur,  such 
as  those  accompan3dng  the  frequent  "northers"  on  the  Gulf  coast,  the 
closed  pressure  of  the  Potrero  del  Llano  well  No.  4  increased  as  much  as 
100  lb.,  while  nearby  wells  also  show  an  increased  pressure  of  smaller 
extent.  If  true,  whether  this  indicates  a  connection  between  the  under- 
ground reservoir  and  the  Gulf  through  channels  or  fractures  in  the  hard 
lower  beds,  or  (what  is  more  likely)  direct  connection  of  the  oil  and  water 
table  to  the  surface  through  fractures  kept  open  by  intrusives,  is  a 
question  upon  which  more  data  are  needed. 

a.  Basalt. — A  reference  to  Fig.  2  will  show  that  while  the  master 
intrusion  in  the  central  part  of  the  Mexican  fields  is  the  Sierra  Otontepec, 
and  that  radiating  and  tangential  dikes  in  the  immediate  vicinity  may 
be  due  to  secondary  fracturing  caused  by  this  large  intrusion  and  its 
subsequent  shrinkage;  yet  in  general  this  represents  only  an  exceptionally 
large  example  of  a  type  common  throughout  the  field. 

Bo  far  as  worked  out  by  the  author  (Fig.  6)  the  long  fracture  lines 
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(usually  filled  by  basalt  dikea)  were  the  primary  phenomena.  These 
are  intersected  at  various  angles  by  shorter  fractures  which  resemble 
strong  joint  cracks  at  the  surface,  and  which  are  lees  frequently  filled  by 
igneous  intrusions.  These  are  sometimes  filled  by  sandstone  dikes,  eis 
in  the  vicinity  of  Juan  Casiano,  and  are  in  places  indicated  by  short  series 
of  asphalt  seepages  following  a  general  direction.  As  at  such  intersec- 
tions there  are  so  frequently  found  conical  basalt  peaks,  or  even  hills 
of  metamorphosed  sediments,  one  soon  comes  to  the  conclusion  that  these 
knobs  were  merely  phenomena  incidental  to  and  accompanying  the  main 
dikes.     There  is  a  group  of  such  hi  11b  at  La  Pithaya  and  Juan  Casiano. 


Fig.  10, — OuvtNE-DoLERiTB.     Magnification  abodt  22  Diameterk. 
Augjte,  olivine,  and  magnetite  in  well-formed  crvBtals,  and  evidently  crystallized 
'     ''■  '   '      '    ■'      n  hemimorphic  lath-shaped  crystals  surrounding 


In  neither  case  has  the  size  of  any  one  of  these  peaks,  nor  the  distortion 
of  the  sedimentaries  accompanying  it,  been  enough  to  cause  fractures  of 
such  length  as  are  known  to  extend  from  these  localities  both  north  and 
south.  The  immediate  presumption  after  studying  these  localities  is 
that  such  fractures  are  the  main  fact  to  be  taken  into  consideration. 

Now,  it  will  be  noticed  in  Fig.  6  that  Otoatepec  lies  at  the  intersection 
of  the  two  main  series  of  dikes  found  in  the  central  district — one  extending 
approximately  20"  W.  of  N,  toward  Panuco,  and  the  other  at  about  the 
same  angle  east  of  north  toward  Dos  Bocas  dnd  the  Gulf.  These 
fractures  are  so  persistent  that  the  same  conclusion  appears  to  follow 
as  was  stated  in  the  preceding  paragraph,  viz.,  that  Otontepec  is  merely 
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Fio.  11. — Specimen  from  a  8wali<  Dike.     Magnification  40  Diawetbrs. 
Larger  proportion  of  augit«  than  Figs.  10  or  12. 


Fio.  12. — Olitine-Dolerite.     Maonification  22  Diameters.    Same  as  Fia.  10. 
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Fio.  14. — Portion'  of  a  Laroe  Sbbpaob  op  "Chapopotb"  in  the  Centkal  Dis- 
trict OF  THE  Mexican  Oil  Fields, 
NoUce  the  remains  of  the  cow  which  became  entrapped  in  the  bed  of  asphalt. 
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an  intrusion  which  represented  the  point  of  greatest  westkness  in  the 
sedimentary  rocks.  It  probably  was  formed  by  the  coalescing  of  a  num- 
ber of  necks  which  found  their  way  to  the  surface  as  did  the  smaller  ones 
found  at  other  points.  A  study  of  the  districts  south  and  west  of  Oton- 
tepec  would  probably  yield  confirmatory  evidence.  As  it  is,  there  are  no 
published  data  on  these  districts. 

The  accompanying  sections  (Figs.  10,  11,  12)  were  taken  from  speci- 
ments  of  basalt  dikes  in  this  central  district. 

6.  Seepages, — Seepages  of  asphalt,  sometimes  accompanied  by  gas 
and  occasionally  by  sulphurous  brine,  are  found  throughout  the  Mexican 
field,  and,  with  the  relatively  horizontal  strata  and  igneous  intrusions, 
constitute  a  unique  feature  of  this  oil  field.  Several  of  the  largest  groups 
of  seepages  (Fig.  6)  are  found  on  anticlines,  and  most  of  them  are  near 
dikes  or  intrusions  which  reach  the  surface.  Others,  however,  appear  to 
exude  from  the  surface  formations  where  there  is  apparently  no  structural 
reason  for  oil  accumulation  below.  However,  experience  and  inference 
have  led  to  the  general  belief  on  the  part  of  geologists  that  in  most 
instances  seepages  indicate  an  intrusion  of  igneous  rock  in  the  vicinity 
not  far  from  the  surface  (Fig.  14) . 

It  is  common  to  find  short  lines  of  seepages  intersecting  a  main  dike 
at  a  high  angle  (Fig.  6).  A  series  of  such  short  lines  of  seepages,  each  at 
an  angle  to  the  strike  of  that  district,  yet  taken  together  following  the 
strike  of  a  dike,  is  often  evidence  by  which  a  fracture  can  be  projected 
from  another  locality.  The  shorter  intersecting  fractures  probably  in 
most  cases  represent  joint  cracks  due  to  local  pressure.  The  photograph 
(Fig.  13)  shows  a  spur  of  basalt  from  the  dike  following  such  a  direction. 

Seepages  are  also  found  exuding  from  basalt  high  on  the  Sierra.  Oton- 
tepec,  at  a  considerable  distance  from  the  contact  of  the  sedimentaries. 
As  there  are  many  open  channels  through  the  basalt  which  would  ob- 
viously offer  less  resistance  to  the  passage  of  oil  than  would  the  overlying 
Mendez  marls,  these  apparently  anomalous  occurrences  are  not  so  in 
reality.  Basalt  dikes  cannot  be  looked  upon  as  barriers  to  the  mover 
ment  of  oil,  except  so  far  as  they  accompany  fractures  which  tend  to 
entrap  it.    Such  migration  may  be  from  several  directions. 

A  study  of  the  central  district  shows  a  significant  resemblance  be- 
tween the  fractures  located  and  a  series  of  joint  or  shrinkage  cracks  which 
might  be  due  to  a  compacting  and  drying  of  the  sedimentaries.  A  re- 
markable persistence  of  roughly  triangular  areas  inclosed  by  these  frac- 
tures, and  the  fact  that  their  persistence  in  certain  general  directions  has 
some  relation  to  the  direction  of  the  main  stresses  at  the  time  of  the  Sierra 
Madre  uplift,  suggest  that  such  general  jointing  or  shrinkage  cracks  may 
have  been  the  primary  cause  of  the  lines  of  weakness  which  were  followed 
later  by  intrusions. 
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4.  Limits  to  Prospective  Fields 

In  the  area  between  Las  Palmas  and  Micos,  some  sharp  anticlinial 
structures  occur,  in  one  of  which  several  wells  have  been  drilled  (San  Pedro) , 
with  a  small  production  of  light  oil  (46**  B^.)-  This,  no  doubt,  will  be 
further  prospected;  but  as  the  production  per  well  will  probably  con- 
tinue small,  and  as  operating  is  very  expensive,  it  will  probably  not  pay 
to  go  after  such  risky  prospects  when  the  low-gravity  oils  are  so  plentiful. 
The  cost  of  producing  this  higher-grade  oil  will  mak^  it  more  profitable 
to  import  such  refined  products  as  cannot  be  made  from  the  lower-gravity 
oils  of  the  eastern  fields. 

The  Topila  district  will  probably  be  developed  into  an  area  where  the 
salt-water  problem  will  not  be  so  serious;  and  probably  such  areas  as 
Caracol  and  Los  Esteros  will  be  finally  developed  into  better  producers, 
although  the  first  wells  have  been  disappointing.  There  is  then  a  great 
area  north  of  Tampico,  along  the  coastal  plain  between  the  Panuco  River 
and  Texas,  in  the  part  of  which  south  of  Soto  la  Marina  (San  Jose  de 
las  Rusias),  at  any  rate,  prevailing  conditions  are  similar  to  those  in  the 
southern  region.  The  Dutch  Shell  interests  have  large  holdings  in  this 
northern  area.  There  are  many  seepages  and  igneous  intrusions  in  a 
part  of  this  region. 

The  district  between  Las  Palmas  and  Ebano  and  thence  south  to 
Tantoyuca,  has  not  been  prospected,  owing  largely  to  transportation 
difficulties.  Before  the  present  political  difficulties,  a  railway  had  been 
begun,  to  connect  by  a  short  route  between  Tampico  and  the  city  of 
Mexico.  When  completed,  this  will  open  up  the  area  mentioned.  While 
in  general  this  area  does  not  seem  to  be  so  favorable  as  that  east  of 
Otontepec,  yet  not  so  much  is  known  of  its  geology  and  structure,  and 
it  is  probable  that  good  pools  will  be  developed,  possibly  of  lighter  oil 
than  that  of  the  present  fields. 

In  the  extreme  eastern  belt,  along  the  coast  between  Tampico  and 
Tuxpam,  owing  to  the  fact  that  the  full  thickness  of  the  upper  Tertiary 
formations  must  be  passed  through,  together  with  considerable  thickness 
of  still  more  recent  deposits,  drilling  at  many  points  will  have  to  be  very 
deep  before  encountering  either  the  San  Felipe  beds  or  the  Tamasopa 
lime.  At  Tanguijo  the  upper  Tertiary  beds  are  at  least  1,200  ft.  thick, 
and  a  well  4,000  ft.  deep  had  not  passed  the  San  Felipe.  Moreover,  the 
frequent  deficiency  of  surface  indications  through  the  relative  scarcity 
of  seepages;  the  lack  of  intrusives  appearing  at  the  surface;  and  the 
possibility  of  seepages  having  travelled  a  considerable  distance  through 
the  extra  thickness  of  upper  formations  before  appearing  at  the  surface; 
— are  all  factors  making  it  difficult  to  locate  wells  with  the  same  chance  of 
success  as  elsewhere.  See  pages  here  are  not  so  significant  of  accumulations 
or  strongly  fractured  zones  directly  below,  as  in  regions  where  the  upper 
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beds  are  thinner.  It  is  also  argued  that  so  far  down  the  dip  to  the  eastward 
there  is  more  danger  of  encountering  salt  water.  This  is  not  so  danger- 
ous as  would  at  first  appear;  for  oil  would  be  caught  in  the  upper  part 
of  fractures,  while  the  water  would  encroach  along  the  lower  portion,  and 
thus  ''spill"  around  the  entrapped  oil,  much  as  happens  in  the  case  of 
encroaching  water  passing  and  retaining  the  oil  in  the  crest  of  a  sharp 
anticline.  Such  wells  might  possibly  be  shorter  lived,  but  this  is  theo- 
retical and  can  only  be  established  by  the  drill. 

4 

V.  Probable  Futubb  op  the  Mexican  Fields 

1.  Evidence  of  Producing  Welle 

The  first  important  producing  well  in  the  Mexican  fields  was  the 
Mexican  Petroleum  Co.'s  Pez  No.  1  in  the  Ebano  district.  This  well 
has  been  producing  since  1904,  and  still  continues  to  flow  with  little 
diminution  at  more  than  1,000  bbl.  per  day. 

The  famous  Juan  Casiano  No.  7  has  been  producing  continuously 
since  September,  1910,  and  is  now  making  700,000  bbl.  per  month,  and 
has  approximately  40,000,000  bbl.  to  its  credit. 

Nor  are  these  isolated  cases.  The  Pearson  No.  4  well  at  Potrero  del 
Llano  has  done  at  least  as  well  as  Casiano  No.  7  for  about  the  same  length 
of  time,  and  the  older  wells  at  Panuco  are  still  good  producers  in  the 
most  closely  drilled  field  of  all.  While  the  CMla-Salinas  and  Topila  fields 
have  suffered  from  the  invasion  of  salt  water  in  the  past,  yet  recent  de- 
velopment work  indicates  that  adjoining  areas  may  be  better  in  this 
respect.  The  Dos  Bocas  gusher  blew  a  great  crater  in  the  ground,  and 
after  producing  200,000  bbl.  of  oil  per  day  for  57  days,  went  to  salt  water. 
Large  quantities  of  asphalt  are  still  thrown  out  with  the  salt  water  and 
gas  from  this  hole,  and  there  is  reason  to  believe  that  if  this  well  had  not 
got  beyond  control  it  would  have  held  back  the  salt  water  until  its  oil 
production  would  have  been  much  greater  in  the  aggregate  than  the 
actual  amount  expelled  during  its  short  life.  As  already  observed,  the 
larger  wells  in  a  number  of  districts  are  inclined  to  increase  their  produc- 
tion after  being  allowed  to  flow  wide  open  for  a  short  time.  All  the 
evidence  of  past  wells  points  to  the  long  life  and  high  productivity  of 
most  of  the  districts  already  tested,  and  the  probability  of  many  more 
being  eventually  opened  up. 

2.  General  Summary 

It  is  believed  that  Mexico  is  potentially  the  second  greatest  oil-pro- 
ducing country  in  the  world  today.  The  reasons  for  this  belief  are 
summarized  below,  as  well  as  the  causes  which  will  tend  to  hold  back  for 
some  time  the  realization  of  the  possible  maximum  production: 
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1.  A  large  number  of  widely  separated  areas  have  been  tested  and 
have  developed  uniformly  large  wells. 

2.  With  the  exception  of  a  few  initial  wells,  none  of  these  areas  has 
been  fully  developed  by  the  drill.  There  is  thus  a  considerable  acreage 
undeveloped  in  already  proven  territory. 

3.  Numerous  promising  localities  remain  untested  in  the  present  fields. 

4.  Large  districts  yet  untested,  such  as  those  north  of  Tampico  and 
west  and  northwest  of  Otontepec  offer  surface  evidence  of  the  same 
characteristics  as  the  proven  fields. 

5.  The  production  per  well  has  been  large,  and  the  decline  slow  in 
most  fields. 

6.  The  undergroimd  accumulations  in  fractiu-ed  zones  are  capable 
of  yielding  a  much  larger  percentage  of  their  petroleum  content  than  is  a 
sand  body.  * 

7.  More  efficient  methods  of  production  result  from  the  usual  control 
of  each  producing  district  by  one  large  company. 

If  such  districts  were  located  in  the  United  States,  they  would  soon  be 
drilled  up  to  a  production  such  that  the  price  would  break  to  a  very  low 
point;  but  in  Mexico  this  maximum  production  will  doubtless  be  reached 
much  more  slowly,  because  of:  (1)  internal  political  difficulties;  (2)  delay 
in  opening  up  isolated  districts  by  railroads  and  pipe  lines;  (3)  the  many 
large  tracts  of  land  in  most  districts,  the  expense  of  handling  which  keeps 
out  small  operators,  who  would  over-drill;  (4)  the  high  expense  of  operat- 
ing, which  keeps  out  a  host  of  adventurers;  (5)  the  lack  of  tankers  for 
transportation;  (6)  the  difficulty,  by  reason  of  expensive  production  and 
transportation,  of  competing  in  the  United  States  market  with  Gulf  Coast 
and  California  fuel  oils;  and  (7)  the  present  over-production  of  high-grade 
oil  in  the  United  States,  which  will  delay  the  adaptation  to  Mexican  oils 
of  the  new  processes  for  refining  heavy  oils.  These  economic  conditions 
accoimt  for  the  fact  that  Mexico,  from  wells  having  a  present  daily  capacity 
of  from  330,000  to  500,000  bbl.,  is  producing  only  70,000  bbl.  a  day,  and 
that  no  active  endeavors  adequate  to  this  discrepancy  are  now  in  progress, 
for  the  liberation  and  conveyance  to  the  sea-coast,  of  the  enormous 
amount  of  oil  thus  shut  in. 
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[subject  to  reyision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
San  Frandsoo  meeting,  September,  1915,  when  an  abstract  of  the  paper  will  be  read.  If  this  is 
impossible,  then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engi- 
neers, 29  West  39th  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representa- 
tive of  its  author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Nov. 
1,  1915.     Any  discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Cost  of  Maintaining  Production  in  California  Oil  Fields 

BY   M.   E.   LOMBARDI,   BERKELEY,    CAL. 
(San  Francisco  Meeting,  September,  1915) 

The  cost  of  maintaining  the  production  of  an  operating  oil  company 
is  one  of  the  most  important,  as  well  as  one  of  the  most  difficult  to  esti- 
mate, of  the  various  items  which  go  to  make  up  the  total  cost  of  producing 
oil.  In  the  opinion  of  many  operators  the  cost  of  drilling  and  developing 
new  wells,  whose  production  takes  the  place  of  the  loss  in  production 
through  decreased  yield  of  the  old  wells,  is  considered  an  operating  ex- 
pense, for  the  reason  that  the  total  income-producing  power  of  the 
property  is  not  increased.  The  cost  of  these  new  wells  may  be  added 
directly  to  production  expense,  or  it  may  be  charged  to  capital  account, 
and  this  account  depreciated  to  the  same  extent.  In  either  case,  after 
an  oil  company  is  on  a  satisfactory  income-producing  basis,  the  money 
for  drilling  new  wells  to  maintain  production  must  be  taken  from  the 
income  of  the  company. 

'fhree  factors  determine  the  cost  of  maintaining  production:  First, 
ttie  rate  of  decline  in  yield  of  the  wells;  second,  the  cost  of  drilling  and 
equipping  new  wells  in  terms  of  their  production;  third,  the  decrease  in 
initial  production  of  new  wells  as  the  property  is  drilled  and  gas  pressure 
taken  off  the  sands,  etc. 

In  order  to  check  theoretical  figures  for  the  cost  of  maintaining  pro- 
duction the  writer,  with  the  assistance  of  Reed  Bush  and  Fred  Tough,  has 
compiled  the  following  figures.  It  is  necessary  first  of  all  to  choose  a 
period  of  time  during  which  production  for  the  field  or  territory  studied 
remains  fairly  constant.  The  longer  the  period  of  time  over  which  this 
condition  prevails,  the  better.  It  is  also  necessary  to  eliminate  or  allow 
for  any  extraneous  condition  which  may  have  affected  the  production 
returns,  such  as  the  shutting  down  of  a  large  number  of  wells,  the  bringing 
in  of  a  well  of  exceptionally  large  yield,  the  opening  up  of  virgin  territory 
where  the  flush  yield  is  greater  than  will  be  had  from  new  wells  in  after 
years,  etc. 

All  these  conditions  are  exemplified  most  simply  in  the  case  of  the 
Coalinga  field,  and  perhaps  these  figures  are  more  truly  prophetic 
than  the  two  other  cases  given.  In  applying  these  figures  to  the  future  it 
is  well  to  assume  that  the  average  yield  of  new  wells  will  constantly  de- 
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crease,  since  the  flush-production  period  is  past  for  most  of  the  territory. 
On  the  other  hand,  the  cost  of  drilling  will  be  constantly  less,  owing  to 
improved  methods  and  particularly  to  the  increasing  use  of  the  rotary 
drill.  Although  a  great  many  estimations  must  be  made,  the  results 
check  closely  enough  to  be  interesting  and  possibly  of  value. 

The  data  used  are  from  the  records  of  the  Producers'  Agency,  the 
Standard  Oil  BvUetin,  and  various  private  sources. 

It  is  to  be  noted  that  the  figures  for  a  number  of  wells  at  the  beginning 
of  the  periods  include  producing  wells  only,  but  that  all  wells  drilled 
during  the  period,  whether  profitable  or  not,  are  included  in  the  calcula^ 
tipns,  provided  they  are  within  the  accepted  limits  of  the  field — ^not 
pure  wild  cats. 

Coalinga  Fidd 

In  the  Coalinga  field  the  period  from  Aug.  1, 1912  to  July  31, 1913  was 
chosen.    The  production  curve  is  shown  in  Fig.  1.     It  will  be  noted  that 
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Total  production  for  period,  in  barrels 19,313,000 

Wells  completed  for  period 78 

Estimated  total  cost  of  these  wells $2,176,573 

Cost  of  wells  per  barrel  produced $0 .1126 

Number  of  wells  at  beginning  of  period 843 

Per  cent,  of  new  wells  to  maintain  production  per  year 9 .33 

Fio.  1. — Curve  op  Total  Production  op  Crude  Oil  in  Coalinga  Field,  Cali- 

PORNTA,  POR  THE  PeRIOD  AuGUST,  1912,  TO  AUGUST,  1913 — 12  MONTHS. 

the  production  during  these  12  months  was  remarkably  uniform,  the 
greatest  variation  from  the  average  being  about  8  per  cent,  and  the 
average  variation  on  a  monthly  basis  being  about  2.8  per  cent.  During 
this  period  19,313,000  bbl.  of  oil  were  produced  and  78  new  wells  were 
completed.  The  number  of  wells  suspended  during  the  period  varied 
from  176  to  214  out  of  a  total  of  843  wells  at  the  beginning.  These 
wells  were  "off"  from  natural  causes,  and  were  not  to  any  extent  in- 
tentionally shut  in.  The  greatest  variation  from  the  average  number  of 
wells  suspended  was  only  8.6  per  cent.,  so  that  this  factor  of  wells  shut 
in  is  not  of  great  importance  in  the  results. 
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The  main  facts  are,  that  at  the  beginning  of  this  period  843  wells  were 
producing,  and  that,  in  order  to  maintain  the  production  of  these  wells, 
78  new  wells  had  to  be  drilled.  To  arrive  at  the  cost  of  these  78  wells, 
representing  the  cost  of  maintaining  production,  the  new  wells  were 
classified  in  four  groups.  The  actual  cost  of  95  wells  in  this  field  (also 
divided  into  groups  of  similar  characteristics)  was  accurately  known  to 
the  writer.  These  average  cost  figures  applied  to  the  78  wells  in  question 
showed  their  cost  to  be  approximately  $2,176,573.  This  cost  includes 
derrick  and  rig,  well,  flow-tanks  and  flumes,  gas  engine  or  other  local 
pumping  equipment,  but  not  such  items  as  storage  facilities,  pipe  lines, 
main  power  plants,  etc.  If  this  figure  is  divided  by  the  total  number  of 
barrels  produced  during  the  period,  we  find  that  11.26  c.  per  barrel  of 
oil  produced  is  the  cost  of  maintaining  production  in  this  field. 

It  is  also  interesting  to  note  that  the  number  of  wells  necessary  to 
maintain  production  for  one  year  was  in  this  case  9.23  per  cent,  of  the 
total  number  of  wells  producing  at  the  beginning  of  the  period. 

Sunset-Midway  Field 

In  the  Sunset-Midway  field  the  period  from  November,  1913  through 
November,  1914,  was  chosen.     Fig.  2  shows  that  the  production  was 
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Total  production  for  period,  in  barrels 52,799,118 

Wells  completed  for  period 189 

Estimated  total  cost  of  these  wells $4,966,270 

Cost  of  wells  per  barrel  produced $0 .  096  . 

Number  of  wells  at  beginning  of  period 1,177 

Per  cent,  of  new  wells  to  maintain  production  per  year 14 .8 

Fig.  2. — CtniVB  of  Total  Production  op  Crude  Oil  in  Sunset-Midway  Field, 
California,  for  the  Period  November,  1913,  to  December,  1914 — 13  Months. 

more  than  maintained,  that  is,  that  it  was  higher  at  all  times  during  the 
period  than  at  either  end.  The  Lakeview  No.  2  gusher  came  in  in  May, 
1914  with  a  production  of  about  25,000  bbl.  However,  the  greatest 
variation  of  the  average  production  was  not  more  than  10.5  per  cent. 
During  this  period  seven  gas  wells  were  drilled.  These  are  not  included 
in  the  figures  given,  as  it  is  assumed  that  they  were  drilled  to  produce 
gas  only,  and  no  attempt  made  to  produce  oil. 
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During  this  period,  a  wide-spread  agitation  occurred  in  favor  of 
limiting  production,  and  a  good  many  wells  were  closed  in.  The  probable 
production  of  these  closed-in  wells  was  estimated  as  closely  as  possible 
and  added  to  the  actual  production  of  the  field,  in  order  that  this  in- 
tentional decrease  should  not  aflfect  the  results,  which  are  of  necessity 
based  on  normal  flow  from  each  well. 

It  will  be  noted  that  the  total  oil  produced  was  52,799,118  bbl. 
including  estimated  shut-in  production,  and  that  189  wells  were  drilled 
during  the  period.  The  cost  of  these  189  new  wells  was  estimated  in  the 
same  manner  as  for  the  Coalinga  field.  The  costs  of  95  wells  in  various 
parts  of  the  Sunset-Midway  field,  being  accurately  known  to  the  writer, 
were  applied  to  the  189  wells  with  due  regard  to  the  location  of  each  well, 
etc.,  the  same  items  being  included  as  in  the  case  of  Coalinga.  The 
resulting  estimate  is  $4,966,270  for  maintaining  production  during  the 
period,  which  amounts  to  9.6  c.  per  barrel  of  oil  produced. 
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Total  Production  for  period,  in  barrels 130,067,732 

Wells  completed  for  period 562 

Estimated  total  cost  of  these  wells $13,559,000 

Cost  of  wells  per  barrel  produced $0 .  104 

Number  of  wells  at  beginning  of  period 6,069 

Per  cent,  of  new  wells  U>  maintain  production  per  year 8 .22 

Fig.  3. — Curve  op  Total  Production  oe  Crude  Oil  in  California,  for  the 

Period  August,  1913,  to  November,  1914-15  Months. 


The  proportion  of  new  wells  necessary  to  maintain  production 
for  one  year  in  this  case  is  14.8  per  cent.,  which  is  a  considerably  higher 
figure  than  for  Coalinga,  although  the  cost  per  barrel  produced  is  less. 
This  is  explained  to  some  extent  by  the  fact  that  a  larger  number  of  new 
wells  in  the  Sunset-Midway  field  were  drilled  in  shallow  and  "easy" 
territory  in  the  northwestern  part  of  the  field,  with  a  correspondingly 
low  cost  per  well. 

All  California  Fields 

A  study  was  next  made  based  on  the  production  of  the  whole  State 
of  California  for  a  period  of  15  months  beginning  August,  1913.  During 
this  period,  as  shown  in  Fig.  3,  the  greatest  variation  from  the  average 
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production  was  only  7.5  per  cent.,  which  is  remarkably  small  considering 
the  period. 

At  the  beginning,  approximately  6,069  wells  were  producing  and 
during  the  period  approximately  662  wells  were  brought  in,  costing  ap- 
proximately $13,559,000.  This  figure  for  the  cost  of  new  wells  is  not  as 
accurate  as  desired,  because  the  writer  is  not  familiar  with  the  cost  of 
wells  in  some  of  the  smaller  fields.  Average  cost  figures  taken  from  over 
250  wells  in  four  fields  were  used.  During  the  period  approximately 
130,067,730  bbl.  of  oil  were  produced,  and  dividing  the  cost  of  the  new 
wells  by  this  production,  we  find  that  the  cost  of  maintaining  production 
was  10.4  c.  per  barrel  of  oil  produced.  This  differs  from  the  Coalinga 
figure  by  only  0.86  c.  per  barrel,  and  from  the  Sunset-Midway  figure  by 
0.8  c.  and  is  very  close  to  a  mean  between  the  two.  It  is  also  interesting 
to  note  that  the  number  of  wells  necessary  to  maintain  production  over 
the  whole  State  for  one  year  was  8.22  per  cent,  of  the  wells  producing  at 
the  beginning  of  the  year,  which  compares  favorably  with  the  figure  of 
9.23  per  cent,  for  Coalinga. 

Cost  per  .Barrel  of  Daily  Production 

It  is  also  interesting  to  apply  the  data  given  above  to  estimate  the 
cost  of  maintaining  production  in  terms  of  the  average  daily  production. 
For  example:  A  company  operating  average  leases  in  various  fields, 
having  a  daily  production  of  several  thousand  barrels,  may  wish  to 
estimate  from  a  general  average  how  much  money  will  have  to  be  ap- 
propriated per  year  for  new  drilling  to  maintain  its  production. 

In  the  following  calculations  the  average  daily  production  for  the 
whole  period  is  assumed  as  the  production  at  the  beginning  of  the  period. 
In  Coalinga  the  daily  production  may  be  thus  assumed  as  52,912  bbl.  at 
the  beginning  of  the  period  illustrated  above.  It,  therefore,  cost  $40.38 
per  barrel  of  daily  production  to  maintain  production  during  the  ensuing 
year. 

Likewise  for  the  Sunset-Midway  field,  the  figure  is  $33.70,  and,  for  all 
fields  in  California,  $38. 

It  must  be  borne  in  mind  that,  in  this  case,  as  in  the  case  of  the  cost 
per  barrel  produced,  these  figures  show  the  cost  for  wells  and  their  im- 
mediate appiu-tenances  only:  The  cost  of  extension  of  pipe  lines,  new 
permanent  power  plants,  camps,  water  systems,  etc.,  must  be  added.  A 
fair  figiu'e  for  these  is  between  12  and  20  per  cent,  of  the  cost  of  wells. 

Depreciation 

If  we  apply  the  cost  figures  used  above  to  all  wells  producing  at  the 
beginning  of  the  various  periods  shown,  the  apparent  depreciation  in 
earning  power  of  investment  during  the  ensuing  year  is  shown  by  the 
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ratio  of  new  wells  to  old.  In  Coalinga  it  is  9.23  per  cent.,  in  the  Sunset- 
Midway  field  14.8  per  cent.,  and  for  all  California  fields  8.22  per  cent. 

It  must  be  borne  in  mind  that  these  figures  apply  only  when  consider- 
ing wells  producing  at  the  beginning  of  the  period.  That  is,  no  account 
in  investment  is  taken  of  past  failures  or  abandoned  wells.  Also  that  the 
figures  show  an  average  depreciation  for  wells  in  all  stages  of  life.  It  is 
well  known  that  new  wells  fall  off  in  production  as  much  as  50  per  cent,  in 
their  first  year,  whereas  wells  5  or  6  years  old  decrease  very  slightly  in 
comparison. 

It  must  also  be  borne  in  mind  that  many  of  the  new  wells  which  main- 
tained the  production  during  the  period  illustrated  were  in  practically 
virgin  territory  in  the  extension  of  the  known  fields,  or  in  new  fields,  and 
that  their  initial  production  was  correspondingly  high.  This  condition 
will  not  exist  long,  audit  will  be  safe  to  discount  the  results  given  above  for 
future  use. 
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INDUSTRIAL  SECTION 


To  the  Members 


It  has  been,  and  is  the  endeavor  of  the  A.  I.  M.  E.  to  serve  each  and 
every  member. 

One  of  the  means  of  letting  the  membership  know  what  is  going  on 
in  the  mining,  metallurgical  and  chemical  fields,  and  by  far  the  most 
important,  has  been  our  monthly  Bulletin.  To  publish  this  costs  money, 
and  to  partly  defray  the  costs,  it  was  decided  to  accept  such  advertising 
as  could  be  secured.  The  A.  I.  M.  E.  is  the  only  one  of  the  American 
National  engineering  societies  whose  dues  are  as  low  as  $10  per  year,  and 
it  actually  spends  more  upon  the  Bulletin  and  Transactions  than  the 
sum  total  it  receives  for  dues.     Hence  the  need  of  advertising  revenues. 

We  are  planning  even  greater  improvements  for  your  Bulletin — ^im- 
provements that  will  help  you  in  your  work.  It  mil  mean  a  better  publi- 
cation, with  more  information  than  ever  before.  To  successfully  carry 
out  our  plans,  we  must  have  your  co-operation.  We  are  not  asking  you 
for  financial,  but  for  your  moral  support.  With  that  we  shall  accomplish 
a  great  deal. 

What  we  ask  of  you,  brother  member,  is  to  give  evidence  to  those 
patronizing  our  advertising  pages,  that  you  not  only  read  the  editorial 
pages,  but  the  advertising  section  as  well,  and  that  you  have  in  mind 
the  welfare  of  your  Institute  by  consulting  the  advertising  pages  when 
in  the  market  for  equipment. 

Do  you  realize  that  if  you  mention  your  Bulletin  when  writing  ad- 
vertisers or  purchasing  supplies,  that  not  only  would  your  publication 
secure  more  advertising,  but  better  satisfy  present  advertisers. 

We  have  reason  to  know  that  our  advertisers  secure  business  as  a 
result  of  our  publication,  but  they  demand  some  evidence  that  you  see 
their  advertisement.  Unfortunately,  our  members  do  not  as  a  rule 
mention  where  they  saw  the  advertisement,  and  as  a  consequence  ad- 
vertisers have  no  means  of  knowing  whether  their  investment  in  the 
Bulletin  is  paying. 

The  A.  I.  M.  E.  Bulletin  can  be  made  the  best  advertising  medium  in 
the  mining,  metallurgical  and  chemical  fields,  simply  by  each  member 
doing  his  bit.  It  is  very  little  to  ask  of  you,  and  the  returns  to  the 
mining  industry  will  be  enormous. 

Have  the  welfare  of  your  Institute  in  mind,  and  support  your  Bulletin 
by  letting  manufacturers  know  that  you  read  your  publication. 

(  2  )  [Mention  this  BuLLsnif  when  writing  advertiMn.] 
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Triplicate  Edge  T  Square 

Attention  is  called  by  E.  G.  Ruehle  &  Co.,  119  Fulton  St.,  New  York, 
to  their  new  patented  triplicate  edge  T  square,  herewith  illustrated,  which 
they  claim  is  a  great  convenience  for  architects,  engineers  and  draftsmen. 
It  is  said  to  save  time,  as  it  is  unnecessary  to  wait  for  the  ink  to  dry  on 
freshly  drawn  lines.  Additional  lines  can  be  placed  parallel  or  diagonally 
to  them,  while  still  wet. 


The  extension  strip  of  this  new  implement  permits  the  placing  of  the 
triangle  right  on  top  of  the  wet  lines  without  touching  and  thus  blurring 
them — ^leaving  them  intact — and  work  can  go  on  uninterruptedly  while 
"inking  in." 


The  Turbo-Gear 

A  gear  has  been  placed  on  the  market  known  as  the  Turbo-Gear,  which 
is  claimed  by  the  manufacturers,  the  Turbo-Gear  Company,  Industrial 
Bldg.,  Baltimore,  Md.,  as  filling  a  long-felt  want  in  efficiently  and  noise- 
lessly transmitting  power. 

Steam  turbines,  to  be  economical,  must  necessarily  run  at  high  speed, 
yet  many  machines  which  would  lend  themselves  admirably  well  to  this 
type  of  prime  mover  require  a  much  slower  speed,  and  the  problem  there- 
fore presents  itself  of  reducing  the  speed  of  one  or  increasing  the  speed  of 
the  other.  This  problem  arises  in  many  applications  of  the  steam  turbine 
and  it  is  here  that  it  is  claimed  the  Turbo-Gear  makes  it  possible  to  operate 
the  two  machines  at  their  most  economical  speeds,  resulting  in  the  highest 
over-all  efficiency. 

(  4  )  (Mention  this  BvLLanir  when  writing  advertiien.) 
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ALBANY  GREASE 

For  the  lubrication  of  blower  fans,  engines, 
pumps,  hoists,  drills,  etc.  It  gives  the  highest 
lubricating  service  at  an  exceptionally  low  cost. 
You  caa  experiment  at  our  expense.  Simply  ask 
for  a  quantity  of  Albany  Grease  and  an  Albany 
Cup.    They'll  be  sent  without  charge,    vtiu  now. 

ALBANY  LUBRICATING  CO. 
NEW   YORK 


TALK  with  intelligence  and  you  will  get  a 
hearing" 
The  most  intelligent  thing  we  can  say  in  this 
space  is  that  you  should  try  one  "DUXBAK"  belt. 
Water,  fume  and  dry  air  proof. 

Awudtd  Gold  Had^  o(  Honw  it  th*  San  Fnndicd  XxpotitlaB 

CHARLES  A.  SCHIEIIEN  COMPANY 

89  PERRY  STREET  HEW  TORE  OTY 


CYANIOATION  CONCENTRATION  FLOTATION 

r\  A  n  n  cussifiers 

I  II  I  KK THICKENERS 

l/V/ 11  l«  AGITATORS 

In  use  by  Institute  Members  all  over  the  World 
The  Dorr  Cyanide  Machinery  Co. 

NEW  YORK  DENVER.  COLORADO  LONDON 


thn  Geld  Vrity  i[  lh>y  wen 
THE  BEST--ABSOLUT 

MSTjUIMEIUI  HAIMB.    I 
USES,    jKOIUTtMUW. 
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By  use  of  the  Turbo-Gear  in  electric  motor  driving  it  is  possible  to 
secure  a  slow  speed  without  the  use  of  sprockets  and  chains,  pulleys  and 
belts,  extra  shafting  and  bearings,  etc.,  which  require  larger  floor  space 
and  must  be  enclosed  with  guards  to  prevent  accidents. 

The  manufacturers  speak  of  the  Turbo-Gear  as  a  speed  transformer 
because  of  its  being  unlike  gearing.  It  is  said  to  be  so  quiet  and  smooth 
in  operation  that  it  is  not  comparable  to  gearing  in  the  ordinary  sense  of 
the  word.  It  is  said  to  be  equal  in  efficiency  to  the  best  herringbone  gear 
made,  but  is  much  more  compact. 

The  Turbo-Gear  consists  of  a  large  internal  double  helical  gear  made 
of  a  special  analysis  open-hearth  steel  forging,  heat  treated  to  increase  its 
ductility  and  to  insure  imiform  hardness.  A  double  helical  pinion  cut 
integrEil  with  the  high-speed  shaft,  made  of  Halcomb  electric  furnace 
chrome-vanadium  steel,  heat  treated  to  an  elastic  limit  of  210,000  lb.  per 
square  inch  and  of  proper  hardness  to  minimize  wear.  Intermediate 
double  helical  gears  made  of  Lumen  manganese  bronze  are  mounted  on 
hardened  and  ground  foi^ed-steel  shafts  secured  to  the  cast-steel  slow- 
speed  member  by  means  of  taper  fit  and  Woodruff  keys. 


This  slow-speed  member,  to  which  is  secured  the  slow-speed  shaft,  is 
mounted  on  two  heavy-duty  S.  K.  F.  ball  bearings,  one  on  each  side  of  the 
gears,  and  supported  directly  by  the  heavy  housing.  Thus  it  will  be  seen 
that  the  slow-speed  member  and  shaft  carrying  the  intermediate  gears, 
and  the  high-speed  shaft  and  pinion,  are  independent  of  each  other  for 
support  and  that  each  is  supported  directly  by  the  housing. 

The  high-speed  shaft  and  pinion  as  well  as  the  slow-speed  member 
carrying  the  intermediate  gears  are  accurately  ground  all  over  and  are 
carefully  tested  for  balance  before  being  assembled. 

The  housing  is  made  of  tough  gray  cast  iron,  horizontally  split  in 
accordance  with  most  approved  practice,  affording  perfect  accessibility 
to  all  internal  parts.  It  is  extremely  heavy  and  well  ribbed  to  provide  a 
rigid  support  for  the  gear  members,  which  is  essential  to  efficient  and 

(  S  }  (MtDtlea  thli  BvUMta  vbts  wrltlsc  kdTMtiMn.) 
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FOR IN  AND 

ECONOMY  CRUSniNQ  ROCK      EFFICIENCY 

TRAYLOR   GYRATORY   CRUSHERS 

ALWAYS  LARGE 

DEPENDABLE  CAPACITIES 


BUILT  CRUSH 

IN  TEN  ALL  KINDS 

DIFFERENT  AND  ANY  SIZE 

SIZES  MATERIAL 


EASY  SMALL 

ACCESSIBLE  H.  P.  USED 

EMBODY  miuij  iini>ioT«m*nl>  which  an  at  th*  lalMl  ittlga,  nanltimt  from  actnil  opanl- 
ittf  coBditlou  obtaia«d  In  ths  flsld. 

Sindfa  Calaloi  "C-i"  titint  dttaUid  itscrittion 

TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

MAIN  OFFICE  «  WORKS— ALLENTOWN,  PA. 


Sullivan  Rock  Drills  were 
Popular  at  Panama 

MORE  THAN  lOO  STJL- 
LIVAHROCK  DRILLS  were 
used  on  the  canal.  They 
were  kept  at  work  as  long 
as  there  was  rock  to  be  re- 
moved, while  unused  re- 
pair parts  for  other  types 
were'being  sold  at  auction. 
If  you  need  drills,  think 
of  "Sullivan." 
Ask  for  BullclmS66'H  " 

SULLIVAN  MACHINERY  COMPANY 

111  SOtTTB  mCBIOAll  ATI.,  OmCAOO  4«1  BIARKIT  ST.,  SAM  TBAHOIBCO 

[McBtloD  thlt  BfLLnw  irbni  wrjtinf  adTwUatn.]  (7) 
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quiet  operation.  The  high-  and  low-speed  bearings  are  provided  with  caps 
effectually  protecting  them  from  dust. 

The  high-speed  shaft  has  a  central  passage  through  which  the  oil  is 
pumped  and  a  continuous  stream  of  oil  is  sprayed  on  the  gears  through 
radial  passages  in  the  pinion. 

The  high-speed  bearings  besides  having  forced  feed  lubrication  are 
provided  with  oil  rings  and  a  good-sized  oil  reservoir  for  emergency  use. 

The  superfluous  oil  from  the  high-speed  bearings  is  collected  by  a  cen- 
trifugal oil  ring  aiid  forced  through  the  hollow  shafts  carrying  the  inter- 
mediate gears,  flushing  their  bearings. 

The  oil  after  lubricating  the  bearings  and  gears  is  immediately  drained 
to  the  main  oil  reservoir  in  the  base  of  the  housing:  here  it  is  strained, 
cooled,  returned  to  the  pump  and  used  over  again. 

It  will  thui  be  seen  that  the  gears  do  not  run  in  oil,  which  causes  a 
considerable  back  pressure  at  high  speeds  with  corresponding  loss  in 
efficiency. 

It  is  said  that  tests  have  shown  efficiencies  as  h^  as  98  per  cent,  and 
99  per  cent,  at  full  load. 

Further  details  will  be  furnished  on  application. 


Exhibit  of  the  Lagonda  Manufacturing  Co.  at  the  Panama-Pacific 
Ezpositioii 

The  exhibit  at  the  Panama-Pacific  Exposition  of  the  Lagonda  Manu- 
facturing Co.,  of  Springfield,  Ohio,  consists  of  an  interesting  display  and 


[Mantioo  thi*  BQiJ.aRi(  whma  writing  sdvsrtiMn. 
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Solves 

The 

Haulage 

Problem 

On 

N^row 

Gauge 

Tracks 

A  JEFFREY  3T0N  i;??E*Sf  LOCOMOTIVE 

effects  big  savings  in  Tramming  Costs  at  the  mines  of  the  Portland  Gold 
Mining  Co.  Out  order  for  two  duplicate  units  is  the  result. 
Locomotive  operates  over  18  inch  gauge  track  a  distance  of  800  feet.  On 
each  charge  of  battery  it  makes  34  round  trips  handling  a  train  of  10  cars  on 
each  trip.  Has  been  in  continuous  operation  for  nearly  a  year,  working  two 
shifts  of  8  hours  each. 

S«nd  for  Bulletin  No.  107-3  which  gives  further  par- 
tLcnlars,  and  tells  about  the  cost-reducing  and  tabor-iaving 
advantages  of  the  Jeffrey  Storage  Battery  Locomotive 

JEFFREY  MFG.  CO.,  902  N.  Fourth  St,  Columbus,  O. 


The  true  test  of  economy  in  the  use  of 
a  mechanical  appliance  is  not  so  much 
price  as  service. 
By  such  test  you  should  judge 

Roebling  Wire  Rope 

From  the  steel  furnace  to  the  finished 
rope  every  process  of  manufacture  is 
conducted  so  as  to  result  in  a  service- 
able rope. 

John  A.  Roebling's  Sons  Co. 

Trenton,  N.  J. 

[McnUoB  thii  BtrLLmH  wheD  nitinc  rndTutbin.)  (  9  ) 
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illustration  of  the  operation  of  their  boiler-tube  cleaners,  automatic  cut- 
off valves,  multiple  strainers,  and  grease  extractors. 

Referring  to  the  illustration  of  the  Exhibit,  to  the  left  are  the  high- 
power  direct  motor-driven  tube  cleaners  for  boilers,  condensers  and  econo- 
mizers, suspended  and  inserted  in  condenser  tubes  and  the  tubes  of  a 
B.  &  W.  manifold,  just  as  they  are  in  actual  use.  .Directly  behind  these 
cleaners  cat^  be  seen  the  handwheels  of  the  Types  A  and  B  outside  and 
internal  daahpot  automatic  cut-off  valves,  and  the  Type  C  or  internal 
dashpot  non-return  valve. 

At  the  back  of  the  exhibit  and  to  the  extreme  left  is  an  exhibit  of  the 
Lagonda  Stirling  boiler-cleaning  device,  by  which  the  entire  operation  of 
cleaning  is  conducted  from  without  the  drum.  The  device  is  supported 
in  an  oval  frame,  representing  the  manhole,  and  has  the  cleaner  and  rub- 
ber operating  hose  inserted,  just  as  in  operation.  Immediately  to  the 
right  of  this  and  to  the  left  of  the  booth  are  shown  the  electric  and  air  or 
steam  motor-driven  reseating  machines,  for  reseating  and  grinding  fittii^ 
surfaces  and  cleaning  scale  and  soot  from  caps  and  nuts  of  B.  &  W.  and 
similar  type  boilers. 


To  the  right  is  a  stand  containing  a  full  display  of  all  types  of  water, 
air  and  steam  turbine  driven  cleaners  for  water  and  fire  tube  boilers, 
condensers  and  other  tubular  apparatus,  also  cleaners  for  curved-tube 
boilers. 

On  a  second  stand  directly  behind  the  turbine  cleaners  are  exhibited 
Lagonda  tube  cutters  and  a  sectional  model  of  the  Type  A  automatic  cut- 
off valve,  showing  the  construction  and  operation  of  the  valve  and  external 
dashpot.  Directly  behind  this  is  the  new  Lagonda  grease  extractor  and  a 
three-basket  midtiple  strainer.  The  grease  extractor  operates  on  the 
principle  of  the  Lagonda  multiple-basket  water  strainer. 

CIO)  tUutlm 
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Ths  Slogan  of  the  Cameron— "Ckaradsr:   The  Grandeat  Thing" 

The  Two   Essentials    For    Pumps 

Their  efficieocies 
must  be  high— their 

operatiDg  costs  must 

tiab  that  &re  splen- 
didly met  in  CAM- 
ERON CENTRIF- 
UGALS. 
The  high  efBdendes,  low  up-keep  and  operating  costs  of  the  CameroD  are  assured 
by  the  simplicity  of  design,  care  in  choosing  material  and  unusual  exactness  in 
manufacture. 
Note  the  horizoDtallysplit  casing,  allowing  quick,  easy  access  to  all  working  parts. 
Hie  Multi-stage  Turbine  type  (illustrated)  may  be  driven  by  motor,  or   any 
available  motive  power. 
Get  your  pumping  done  at  the  least  expense  by  inaiaHing  the  CAMERON. 
Biilklin  No.  ISl  teili  Ike  story  in  dtiaU.    Ii'sftM. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

t1  BROADWAY,  NEW  YORK  Olflcca  the  WotM  Over 


Maintenance 

1[  It  can  h€  made  almost  negligible. 

If  Or  it  can  be  made  excessive. 

^  Sometimes  it's  the  fault  of  the  hoist. 

If  But  isn't  it   often   the  fault   of  contributing   conditions,   or   the 

operator. 

If  Take  VULCAN  hoists,  for  instance.     We  take  the  utmost  pains  in 

the  making.     We  test  and  analyze  every  casting,  every  forging;  our 

own  specifications  are  more  rigid  than  yours.     There's  not  a  thing  left 

undone  to  make  maintenance  low. 

^And  if  it  is  not  low,  it's  generally  traceable  to  outside  conditions  that 

can  be  remedied  easily. 

H  Keep  your  hoist  clean,  well-oiled  and  greased  and  test  all  the  nuts 

and  bolls  now  and  then,  and  give  the  bearing  wedges  a  look. 

IfThen  you'll  see  maintenance  worries  disappear. 

IRON  WORKS 


VULCAN 
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The  demoQstratioD  of  the  working  of  the  multiple  strainer  is  especially 
isteresting.  A  three-basket  type  strainer  has  been  constructed  with  a 
glass  panel  at  one  end,  so  that  the  flow  of  water  through  the  strainer  and 
the  accumulation  of  solid  matter  in  the  basket  can  be  seen.  In  operation 
the  small  two-basket  strainer  body  shown  at  the  left  is  used  for  inserting 
sticks,  leaves  and  other  such  refuse  as  is  found  in  plant-supply  water, 
then  the  water  is  turned  on  and  allowed  to  flow  through  the  strainer.  All 
the  solid  matter  passing  into  the  strainer  is  caught  in  the  strainer  baskets. 
It  is  then  demonstrated  how  the  strainer  baskets  can  be  individually 
drawn  out  of  commission,  removed  and  cleaned  without  interrupting  the 
operation  of  the  other  baskets  or  the  flow  of  water. 

Charles  C.  Moore  &  Co.,  Western  representatives  of  the  Lagonda 
Company,  have  charge  of  the  exhibit. 


New  Type  of  Electric  Power  Drill 

The  accompanying  illustration  shows  a  new  type  of  powerful  coal  drill 
recently  developed  and  placed  on  the  market  by  the  Jeffrey  Manufactur- 
ing Co.,  and  known  aa  their  A-5-C' electric  power  drill. 


(Uutloa  this  BuLLtmn  whtn  mitiBC  *dT«mMiiJ 
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"ELECTRIC-AIR" 


For  the  small  or  isolated  mine  or 
contract  where  electric  current  is 
available  this  type  of  drill  pier- 

f  orms  a  ^>ecial  mission.  I 

The  electric-air  drill  combines  with  , 

the  flexibility  of  the  electric  cur-  ' 

rent  as  power  the  efficiency  of  the 

compressed  air  drill  in  a  complete  power  plant  unit  of  great  compact- 
ness and  portability,  solving  the  power  plant  problem  and  eliminatii^ 
the  expense  of  "in  the  mine"  piping. 

It  is  durably  constructed  throughout  and  compares  favorably  in  drill- 
ing capacity  with  the  standard  piston  drills  of  equal  size. 
It  is  built  in  three  sizes. 

Bulletin  No.  4209 

INOERSOLL-RAIND  COMPANY 

NEW  YORK  oiii«.iiK,  w«ido«.  LONDON 


Cordeau- 


Bickford 


Shot 


...An... 

lostantaneous  Detonat- 
ing Safety  Fuse 

FOR 

SAFETY  and 
EFFICIENCY 


THE  ENSIGN   BICKFORD  CO.,  Simsbury,  Conn. 

Original  Manufacturers  of  Safety  Fuse  EstabHshni  ism 

(Mmlioo  thii  Bdllbiim  whan  writiiK  >dTcr(]Hn.I  (  13  ) 
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The  motor  and  drill  mechanism  proper  are  mounted  on  trunnions  in  a 
carriage,  which  may  be  raised  or  lowered  in  a  vertical  channel-iron  frame 
by  means  of  a  %-in.  steel  rope.  One  end  of  this  rope  is  fastened  to  the 
top  yoke  of  the  frame  and  the  other  end  to  ^  drum  on  the  carriage. 
This  drum  is  rotated  by  a  handle,  as  shown,  to  wind  up  the  rope  and  to 
raise  the  carriage.  A  ratchet  and  pawl  are  provided  on  the  drum  to  pre- 
vent the  carriage  from  dropping  when  the  handle  is  released. 

When  it  is  desired  to  move  the  drill  from  one  place  to  another,  the 
carriage  carrying  the  motor  and  mechanism  is  lowered  to  the  bottom  of 
the  frame  and  the  drill  rolled  along  on  the  wheels  provided  on  the  bottom 
cross  yoke,  in  a  manner  similar  to  an  ordinary  hand  freight  truck. 

The  motor  of  this  drill  is  rated  at  3  hp.  The  total  weight  of  the  drill 
is  approximately  300  lb.,  while  it  is  made  sufficiently  rugged  and  powerful 
to  drill  through  any  material  against  which  the  auger  will  stand  up. 

With  the  means  employed  on  this  drill  for  raising  and  lowering  and 
with  the  wheels  provided  for  moving  it  from  place  to  place,  only  one  man 
is  required  to  move,  set  up,  adjust  and  operate  the  machine. 

Further  particulars  concerning  this  drill,  also  latest  catalogues  and 
bulletins  on  the  JeflFrey  complete  line  of  coal-mine  and  tipple  machin- 
ery, may  be  obtained  by  writing  to  the  Jeffrey  Manufacturing  Co.,  902 
North  Fourth  Street,  Columbus,  Ohio,  or  to  any  of  their  branch  offices. 


How  to  Keep  Conveyor-Belt  Records 

A  new  method  of  recording  the  cost  of  various  conveyor  belts  in  opera- 
tion has  been  worked  out  by  the  B.  F.  Goodrich  Co.,  of  Akron,  Ohio,  in 
the  interest  of  all  belt  users. 

Ordinarily  accurate  costs  are  rather  difficult  to  determine  and  many 
operators  have  not  the  time  to  work  out  an  adequate  system  for  making 
computations.  The  use  of  various  belts,  however,  is  an  important  factor 
and  many  a  dollar  can  be  saved  when  you  know  where  to  cut  down  the 
tonnage  cost. 

The  B.  F.  Goodrich  Co.  announces  that  it  will  send  at  its  expense  a  card 
that  is  simple,  but  most  efficient,  which  will  help  belt  users. 


(  14  )  [Mention  this  BxjVLtftiN  when  writins  Advertbere.] 
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The  Largest  Electric  Hoist  in  America 

is  operated  by  a  Westinghouse  motor  with  a  Westinghouse  flywheel- 
mo  tor- generator  set. 

Absolute  reliability  was  the  first  requirement  for  this  hoist  and 
Westinghouse  apparatus  was  selected  for  that  reason. 
Consider  the  severe  service  requirements  of  this  hoist. 
Net  load  of  material  hoisted         7  to  8  tons 
Weight  of  Skip  9000  lbs. 

Depth  of  Shaft  Ultimately  4500  ft. 

Output  of  mine  in  one  hour         320  tons  from  2000  ft.  level 
Output  of  mine  in  one  hour  250  tons  from  3000  ft.  level 

Output  of  mine  in  one  hour  200  tons  from  4000  ft.  level 

Maximum  Hoisting  Speed  3000  ft.  per  minute 

Normal  Operation  Skips  Balanced 

Emergency  Operation  Skip  Unbalanced 

Our  engineers  have  been  able  to  design  and  install  apparatus  for 
the  successful  operation  of  this  largest  electric  hoist.  Let  them  show 
you  how  to  hoist  at  minimum  cost. 

What  we  have  done  for  them  we  can  do  for  you.    Send  for 
booklet  "Electric  Drive  for  Mine  Hoists,"  No.  3113. 

Westinghouse  Electric  &  Mfg.  Co. 

East  Pittsburgh,  Pa. 

(Maotion  thk  Buufnit  wheo  writii 
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ALBANY  LUBRICATING  CO. 

Adam  Cook's  SoiU|  Proprietors 

708-zo  WMhinston  Street  Hew  York  CItj 

Manufacturers  of  Albany  Grease,  Cook's  Lubricant  and 
Albany  Automobile  and  Machinery  Oils.  Manufacturers 
and  refiners  of  lubricants  for  every  condition  and  serr- 
ice.    Write  for  descriptive  matter.  1 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  CO. 

Milwaukee,  Wisconsin. 

MmiNG  MACHINERY  of  Eyexy  I^pe.  Compete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmers,  Limited, 
Toronto,  Ont 


PUMPS 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON     VERTICAL     PLUNGER     SINKING 
PUMPS,  for  shaft  sinking.    CAMERON  HORIZON- 
TAL  PLUNGER   STATION  PUMPS,  for  handlina 

grritty  water. 

MOTORS 

CROCKER-WHEELER  CO. 

FOR 

Ampere,  If.  J. 

EVERY 

Manufacturers   of   Electric    Motors,   Generators    and 

PURPOSE 

Transformers.    Alternating  and  Direct  Current 

ASSAYERS 

AND 

CHEMISTS 

SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Colo.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


DENVER  ROCK  DRILL  MANUFACTURING  CO. 

D«nv«r,  Colo.        El  Paso,  Tox.        Now  York  City. 
Salt  Lako  City,  Utah.  San  Franolsoo,  Cal. 

MANUFACTURERS  OP  WAUGH  DRILLS. 
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[Mention  this  Bulletin  when  writing  Advertieen.] 
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THE  DORR  CYANIDE  MACHINERY  CO. 

New  Tork  DENVBR,  COLO.  London 

Maehinory  in  use  for  Cyanidinc*  Wet  gniTity  Concen- 
tration, Flotation,  Leaching  Copper  ores  and  many 
non-metallnrgical  industrial  processes. 


CU^SSIFIERS 
THICKENERS 


AGITATORS 


EDISON  STORAGE  BAHERY  Ca 

Orange,  N.  J. 

Mannfactttrers  of  the  EDISON  STORAGE  BATTERY 
for  Mine  Haolage.    Write  for  descriptive  bulletin. 

EDISON 
STORAGE 
BATTERY 

THE  ENSIGN  BICKFORD  CO. 

SImsbury,  Conn. 

Manufacturers  of 

SAFETY  FUSE  CORDEAU-BICKFORD 

For  all  Blasting  Operations 

Fuse  for  special  requirements 


CORDEAU- 
BICKFORD 


SAFETY  FUSE 

FOR 
ALL  BLASTING 


BLASTING 

SUPPLIES 


GENERAL  ELECTRIC  CO. 

Soheneotady,  N.  Y. 

• 

ELECTRIC  MINE  LOCOMOTIVES.    ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 

ELECTRIC 

MINE 

LOCOMOTIVES 

GOODMAN  MANUFACTURING  CO. 

Chloago,  llllnels. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  "Longlife"  «  Masecon"  ft  "Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tont  per  dollar  of 
cost  than  any  other  belts  made. 


[Mention  this  BuLLamf  when  writing  advertiMn.) 
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A  DIRECTORY  OF  MINING  AND 


SURVEYING 

INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


W.  &  L  L  GURLEY 

Troy,  K.  T. 
Branch,  Seattle,  Wash. 

Manufacturers  of  ''Gurley  Quality"  transits  and  levels. 
Complete  catalogue  covering  mining  instruments  sent 
upon  request    Have  one  on  file. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


HARBISON-WALKER  REFRACTORIES  Ca 

Pittsburgh,  Penna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  the 
Open  Hearth.  Electridd  Fnmacest  Copper  Smelting 
plants.  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Ahcf  Furnaces,  as  well  as  all 
other  types  in  use  indie  various  metallurgical  processes. 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

Pl»fy,  III. 

SULPHURIC 

Manufacturers  of   SPBLTBR,    SHEET    ZINC    and 

ACID 

SULPHURIC  ACID. 

COAL 

MINING 

MACHINERY 


IN6ERS0LL-RAND  CO. 

11  Broadway,  Now  York. 

'^Return-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
'«Blectric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
«<Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

MINING 

MACHINERY 


THE  JEFFREY  MFG.  CO. 

ColnrtibiM,  Ohio. 
Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Pans,  Hoists, 
Pumps,  etc. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

Wakoflold,  Maoa. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES— for  Acids  and  Corrosive  Waters. 
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[Mention  this  Bulletin  when  writing  adyertisen.] 
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JOHN  A.  ROEBLING'S  SONS  CO. 

Trenton,  N.  «!• 

WIRE 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 

ROPE 

agencies  and  branches  throughout  the  country. 

A.  LESCHEN  &  SONS  ROPE  COMPANY 

St  Louis,  U.  S.  A. 
New  York        ChlCAgo        Salt  Ltke        Dearer        San  Francisco 

Manofactiirers  of  high  grade  Wire  Rope  for  all  pur- 
poses, including  the  celebrated  HERCULES  Red  Strand 
Wire  Rope,  and  Wire  Ropes  of  Patent  Flattened  Strand 
and  Locked  Coil  constructions.  Aerial  Wire  Rope  Tram- 
ways for  economical  transportation  of  materiaL 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


THE  LUFKIN  RULE  CO. 

Saginawj  Mich. 

MEASURING 

Tapes  for  absolute  accuracy  in  measurements.    Send 

TAPES 

for  descriptive  catalogue. 

MASHEK  ENGINEERING  CO. 

90  West  St.,  New  York. 

Complete  plant  equipments  4,  8,  z6  and  35  tons  of  a  to 
3  ez.  smokeless  and  odorless  briquettes  per  hour.  Com- 
plete plants  designed  and  erected. 


BRIQUETTING 


MACHINERY 


ROBINS  CONVEYING  BELT  COMPANY 


New  York 

Chicago  Oflce 


Z3-2Z  Park  Row 

Old  C^rfony  B*14>g. 

Manufacturers  of 
Belt  Conyeyors— Bucket  Elevators— Ore  Bedding  Sys- 
tems—Unloading, Stocking  and  Reclaiming  Towers  and 
Bridges— Conveyor  Auxiliaries. 

Write  for  Bulletins 


ROBINS 
CONVEYING 


MACHINERY 


P.  H.  &  F.  M.  ROOTS  CO. 

Connersvlile,  Ind. 

Manufactnrers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,  Foundry  and  Filtration  Work.  Write 
for  Catalogue. 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

QAS 
EXHAUSTERS 


[Mwition  this  Bmumx  when  writins  advwrtisen.] 
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DRAFTING 

L  &  RUEHLE  &  CO. 

SUPPLIES 

119  Fttlton  St.,  New  Tork 

SURVEYING 

Branchy  Newark,  N.  J. 

INSTRUMENTS 

Drafting  Room  and  Field  Supplies.    Tracings  and  Blue 

TRACINGS 

Prints  Prepared. 

WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

89  Ferry  Street,  New  Tork 

Manufacturers  of  SCHIBRBN'S  DXJZBAK  WATBR- 
PROOF  LBATHBR  BELTING.  The  belting  is  water- 
proof and  chemical  proof,  perfect  in  material  and 
workmanship. 


ROCK  DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chicago,  BL 
Coal  Pick  Machines,  Air  CompFcssors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


BRIDGES 

AND 
DERRICKS 


THE  TERRY  &  TENCH  CO.  Inc. 

Grand  Central  Terminal. 
NEW  YORK  CITY. 

Bridge  Builders,  Contractors  and  Derrick  Builders. 


MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

Main  Offles  and  Works— Allentown,  Pa. 

N«w  Tork  Offle«,  Western  OAos» 

to  Ohureh  Street  Bait  Lako  dlgr 

Manufacturers  of  MIN1NO,  MILLING,  SMELTING 
and  CRUSHING  Machinery.  TRAYLOR  Products  poa* 
sees  Quality.    Our  Expert  Engineers  are  at  your  sendee. 


DERRICK 
EXCAVATORS 


UNION  IRON  WORKS 

Newark  Street,  Hoboken,  N.  J. 

Derrick  attachment  for  excavating.  Does  same  work  as 
steam  shovel  or  dipper  dredge  at  fraction  of  the  cost. 
Ask  us  about  it. 
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L  VOGELSTEIN  &  CO. 

42  Broadway  New  York 

Buyers,  smelters  and  refiners  of  ores  and  metals  of  all 
classes. 


ORES 
AND 
METALS 


VULCAN  IRON  WORKS 

WllkM-Barr«,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  HofSt- 
iag  and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


AlllKMNrniB 


CML-WASIIM  PUNn 
CMVBMlMIMEir 


fiASaUK  LNNfTIVES 
MSnW  iMI  IMRJW 

CI1I«Y 
STCUi  LOCDSOTIVB 
VBITIUTIM  MS 


WESTINGHOUSE  ELECTRIC  &  MF&  CO. 

East  Pittstmrgli,  Pa. 

THE  BALDWra-WESTINOHOUSE  ELBCTRIC  MINE 
LOCOMOTIVES.  For  full  information  write  either  to 
above  address  or  THE  BALDWIN  LOCOMOTIVE 
WORKS,  Philadelphia,  Pft. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.  J, 

Weston  BcUpse  AMMETERS,  MILLIAMMBTERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


BEER,  SONDHEIMER  C&  CO. 


Frankfort-on-Maln.  Qermany 


ITBW   TORK  OFFICE 


6z    BROADWAT 


Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Anti- 
mony  Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony, 
Antimonial  Lead,  Sulphate  of  Copper,  Anenic,  Snc  Dust. 

Own  Smeltiiig  and  Refining  Works 


[Mention  this  Bullbtin  when  writing  advertisen.] 
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PROFESSIONAL   CARDS 


1 


ALDRIDGE,  WALTER  H. 

C«n«i1ting  Mliilac  and 
MctaUorfiad  Bngiaear 

14  WaU  StTMt  NIW  TOSK 


BEATTY,  A.  CHESTER 

Conultlpg  Mining  EnglnMr, 
71  BnMdway, 

NEW  YORK,  H.  Y. 
CaUsAiUiMi: 


BURCH,  H.  KENYON 

■echnical  ail  letallirilcal  Eiftoccr 

Ctr«  la^itoAtioii  CattBoiMi»»4  Copfw  Co. 

MIAfill,  (HU  CMMTY,  AMZONA 
DaalgBar  and  Bnil4«>  ol 

QpMialtiea  ConooitntSoB  of  On*. 

Bnftnomto  Handling  of  If  itM^ali 


^^ 


CHANNIN6,  J.  PARKE 


OMMltllf  Elf  iMMr, 


6z  BlOADWAT, 


NEW  YORK. 


COULDREY,  PAUL  S. 

Mining  Bmgfaiear 

Qenaral  Mtaiag  Sqporiiitendont 
CsBBO  DB  Paboo  MnczMo  Co. 

CERRO  dt  PASCO,  PERU 


HAMMOND,  JOHN  HAYS, 


Consulting  Engineer, 


71  Broadway, 
Code:  Bedford-McNeiU, 


NEW  YORK. 


HANKS,  ABBOT  A. 

OlMMltt  and  Aeeayer 

EMibUihed  1866 

Control  and  Umplrt  Aasayt,  Saperrl- 
■ioa  of  SamplUf  at  Smeltara,  CMaUcal 
Analyses  of  Ores,  Ifiacrals,  Minanl 
Watara««tc 


HOYLE,  CHARLES 

Mining  Enfinger, 

Apartado  9,  £1  Oio, 

E8TA00  DE  MEXI€0,  MtXIM. 


LEDOUX  ft  COMPANY 

Assay«rs  and  Samplars 
09  Jehn  Straet  NEW  YORK 

lBdq>cndeBt  Oie  and  Metal  Saa^JoB. 

Representatives  at  all  Refineries  and 
Smdtefs  on  Atlantic  Seaboard. 


MYERS,  DESADC  R. 

Mining  Bagineer 

821  Story  Bunding         LOS  ANOELB8 


BATES 


FOR  PROFBSSIONAL   CARDS 
QUOTBD    ON    APPLICATION. 


MAKE  ARRANOBMBNTS 
NOW  FOR  TOUR  CARD. 
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PROFESSIONAL   CARDS 


RAYMOND,  R08SITER  W. 

Mlnlnf  Engineer  Md  Metallarglet 

29  West  Thirty-Ninth  Street 

NEW  YORK 


REVETT.  BEN  STANLEY 

MInIno  Englii^er 

Alluvial  Mining 

AND   InSTALIJITIONS 

BRECKENRID6E,  COLORADO 
GOb:  '«Dredoer" 
M:  Bedf^rd-MoNeli 


RmUUtD^  ROBERT  N. 

On  Drm§im§ 
XiMMhiiMtli  bslltato  of  TmIbbiqIocj 
BOSTON,  MASS. 


RIORDAII,  D.M. 

CanmUtino  BngmMT 

Ifinias  IiiTMtlcfttioni  aipectrily  o«r«f oily 
mftdalor  n^ponnbU  intending  inreiton. 

City  IncstlH  IM|^  W  Ireaiwqf,  New  Ytri 


SPIL8BURY,  E.  6YBB0N, 

OoiiiiatiBc,  Qhctt.  mniaf 
a&A  Kttallviloei 


45  BnMidwaj, 


NEW  YORIL 


Oibto  A^dim:  ^a^Urm^  Wm9  Tm*. 


"IT  WILL  PAY  YOU  TO 
HAVE  YOUR  NAME  LISTED 
AMONG  PROFESSIONAL 
MEN    OF   STANDING" 


YOUD,  HERBERT 


Mniiig  Enclnser 


GuaMia,  Portugal 


Code:  Bedford-McNeUl 


wK^mm^^^mmmm 


L.  VOGELSTEIN  C& 

42  Broadway 

BITTERS,  SHELTERS 
Ain>   REFINERS   OF 


CO. 

NEW  YORK 


Ores  and  Metals  of  All  Classes 

Afonls  for: 

Axta  Hindi  h  Soha^  Halb«ratAdl«  Owmaay, 

IFail*4  8tetM  McCdi  R«inlac  C«.,  Ctnm%  IC.  J.  «a4  QffMStV,  lad. 

AaMfkaa  Ztesb  IauA  h  8iii«ltiBf  Co.,  Caa^y  and  D«ariiic«  Kaosaa. 

Kaans  Sac  Ca»,  La  Haipa,  ITiniii 

TkaBaetralTtleRaflalaf  *8maltiBcCo.alAiiatia]ia,tld^  PortKraibla,  H.  S.  W. 


[Mention  tkia  Bullbixh  when  writing  adTertieen.] 
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ALPHABETICAL  LIST  OF  ADVERTISERS 


Paqb 

Albany  Lubricating  Co 5 

Allis-Chalmers  Manufacturing  Co 16 

Beer,  Sondheimer  &  Co .21 

A.  9.  Cameron  Steam  Pump  Works 11 

Crocker-Wheeler  Co 16 

Denver  Fire  Clay  Co: 16 

Denver  Rock  Drill  Co 16 

Dorr  Cyanide  Machinery  Co 6 

Edison  Storage  Battery  Co Inside  Back  Cover 

Ensign  Bickford  Co 13 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co 17 

B.  F.  Goodrich  Co Inside  Front  Cover 

W.  &  L,  E.  Gurley 1 

Harbison-Walker  Refractories  Co 18 

Illinois  Zinc  Co.  . 18 

IngersoU-Rand  Co 13 

Jeffrey  Manufacturing  Co 9 

Lead  lined  Iron  Pipe  Co 18 

A.  Leschen  &  Sons  Rope  Co 19 

Lufkin  Rule  Co 5 

Mashek  Engineering  Co 19 

Robins  Conveying  Belt  Co 19 

John  A.  Roebling's  Sons  Co 9 

P.  H.  &  F.  M.  Roots  Co 19 

E.  G.  Ruehle  A  Co 1 

Chas.  A.  Schieren 6 

Sullivan  Machinery  Co 7 

Terry  &  Tench  Co 20 

Traylor  Engineering  &  Manufacturing  Co 7 

Union  Iron  Works 3 

L.  Vogelstein  A  Co 23 

Vulcan  Iron  Works U 

Westinghouse  Electric  &  Mfg.  Co 15 

Weston  Electrical  Instrument  Co 1 
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SECTION  II.— PAPERS  AND  DISCUSSIONS 

Kecent  Advances  in  the  Chemistry  of  the  Cyanogen  Compounds.    By 

J.  E.  ClenneU,  B.  Sc 211B 

The  Control  of  Chill  in  Cast  Iron.    Considering  the  Elements  Effective 

in  the  Manufacture  of  Malleable  Castings  sod  Chilled  Car  Wheels. 

By  Grafton  M.  Thrasher 2129 

The  Newnam  Hearth.    By  William  E.  Newnam,  B.  S 2139 

Geology  of  the  Ore  Deposits  of  the  Tintic  Mining  District.     By  Guy  W. 

Crane,  B.  A 2147 

Measurement  of  the  Temperature  Drop  in  Blast-Fumace  Hot-Blast 

Mains.    By  B.  J.  Wysor 3161 

The  Iron  Deposits  of  Daiquiri,  Cuba.    By  Waldemar  Lindgren  and  Clyde 

P.  Ross 2171 

Industrial  Section Interpolated  in  Advertising  Section. 


ComioHT,  iDiI.  av  in*  Ahsucah  iHmTuiB  or  Minimo  EnciHaau 


^,JL^^  o(/aalc 


is  one  factor  in  the  reduction  of  tonnarre 
costs— by  Goodrich  belts.     No  shut-downs — no  delays. 

Flexibility    is    another  Goodrich  tonnaji^e  cost-cutter.     No  spil- 
la^re  and  less  wear. 

*Longlife"— /off^^  service— gives  you  more  tons  per  initial  cost. 

An  edge  constructicNi  that  will  not  tear  off  is  a  feature  also  of 
our  strong,  j)erfectly  balanced   belts. 


©®illii©li 


T\ir^^\' 


are  so  skillfully  proportioned — so  well  fitted  for  the  work  you 
want  done,  and  so  well  fortified  by  duck  and  friction  and  rubber 
cover  that  you  need  them  in  your  plant.  If  you  want  to  see  your 
tonnage  costs  comedown  **Get  in  touch  with  Goodrich/^ 


Goodrich  Products 


Conveyor  Belts 
EloTtttor  Belts 


Transmission  Belts 
Hose — all  lands 


Pnckmg 
Valves,  etc. 


The  B.  F.  Goodrich  Company 

Factories:   Akron,  Ohio 

''Get  in  touch  with  Goodrich'' 


mm 


AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  West  Z9tb.  Street,  New  York,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr. 


(Name  In  FaU) 


Occupation. 


Address. 


is  hereby  proposed  hy  the  undersigned,  as  a. 


Off  the  American  Institute  of  Mining  Engineers. 


Slgnatuies  of  thiM 

Members  or 

ijflociatet. 


Flcbce  ofhirth. 


Year  ofhirth. 


EcLucation,  general  and  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 

Dates 

- 

' 

Record  of  experienoe.  Briefly,  the  past  ctnd  present  emploj/meiU, 
with  names  of  employers,  companies  and  associates.  (Proper  names, 
luimes  of  companies,  etc,  should  he  written  without  dbhreviaMonsJ 


Dates 

k 

\ 

. 

\ 


\ 


Present  position. 


JSi^nature. 


Dated. 


191 


EXTRACTS  PROM  THB  CONSTITUTION. 

ARTICLE  II.— Members. 

Bic.  1.  The  memberahip  of  the  InBtitute  shall  comprise  four  cismgw,  namely:  1.  Memben;  2.  Hon- 
orary Members ;  8.  Associates ;  4.  Junior  Members.  *  *  * 

Sxc.  2.  The  following  classes  of  persons  shall  be  eligible  for  membership  in  the  Institate,  namely :  as 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  persons 
actlyely  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  AssocIateB,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Dlieoton 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  hare  not  taken  thdr 
degrees  and  who  are  nominated  by  at  least  two  of  their  instructors.  *  *  * 

Krery  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approyed  by  the  Committee  on  Membership,  as  pre- 
scribed in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors. 


fisrvard  OoUege  LlbrarF 

Aug.   14,   1916. 

Bequest  of 

Brasmus  Darwin  Leavtttt 
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tnta.  pobUe  Hbrariaa,  aduoatlonal  Institntiona  and  taohnioal  aodallaa,  95  par  annnm.  Slngla  oopiei 
(Ineludlttc  poatata),  91  aaoh;  to  mambara  of  the  Inatltuta,  pnbUo  Ubrariaa,  ate.,  50  centa  eaoh. 

Entered  aa  Second  ClaM  matter  January  28. 1014,  at  the  Poet  Offloe  at 
York,  Pannaylrania,  under  the  Act  of  March  8,  1870. 


MANUSCRIPTS  FOR  THE  FEBRUARY  MEETING 

The  112th  meeting  of  the  Institute  for  the  presentation  and  discussion 
of  technical  papers,  and  the  Annual  Business  Meeting,  will  be  held  at 
the  Headquarters  of  the  Institute  in  New  York  City,  Feb.  14  to  17,  1916. 

All  papers  to  be  presented  at  this  meeting  of  the  Institute  must  be  in 
the  hands  of  the  Secretaiy  on  or  before  Dec*  i,  1915. 


in 
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PERSONAL 

(Members  are  urged  to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  registered  at  Institute  headquarters  during 

the  period  Aug.  10  to  Sept.  10,  1915: 

• 

Everett  L.  Booth,  New  York,  N.  Y.  Raymond  B.  Ladoo,  Cambridge,  Mass. 

T.  £.  Sturtevant,  Dover,  N.  J.  Henry  A.  Tobelman,  Ajo,  Ariz. 

C.  A.  Filteau,  New  York,  N.  Y.  R.  B.  Tinsley,  Guanoco,  Venezuela. 

Guy  C.  Riddell,  Helena,  Mont.  £.  H.  Hamilton,  Norfolk,  Va. 

Joseph  Leiner,  New  York,  N.  Y.  M.  Yoshimura,  Tokyo,  Japan. 
Alfred  W.  G.  Wilson,  Ottawa,  Canada. 

Van  H.  Manning  has  been  appointed  Director  of  the  U.  S.  Bureau  of 
Mines,  to  succeed  the  late  Dr.  Joseph  A.  Holmes.  Mr.  Manning  was 
Assistant  Director  of  the  Bureau. 

O.  M.  Lewyn,  formerly  Mine  Superintendent  for  the  Braden  Copper 
Co.,  has  accepted  the  position  of  Assistant  Mine  Manager  with  the 
Union  Minifere  de  Haut  Katanga  of  South  Africa. 

Royal  P.  Jarvis  has  been  appointed  Chief  Chemist  for  the  Cananea 
ConsoUdated  Copper  Co.,.  Cananea,  Sonora,  Mexico. 

Robert  M.  Keeney  has  taken  a  position  with  the  Standard  Chemical 
Co.,  Canonsburg,  Pa. 

L.  V.  Emanuel  is  now  with  the  River  Smelting  &  Refining  Co.,  Flor- 
ence, Colo. 

Hugh  D.  Pallister,  formerly  Assistant  Professor  of  Mining  at  the 
Pennsylvania  State  College,  has  resigned  to  accept  the  position  of  Pro- 
fessor of  Geology  and  Mining  at  the  State  School  of  Mines  of  the  Uni- 
versity of  Texas,  El  Paso. 

H.  H.  Utley  has  accepted  the  position  of  Manager  of  the  River 
Smelting  &  Refining  Co.,  Florenjce,  Colo. 

R.  O.  Hocking  has  accepted  a  position  as  Inspector  of  Mining  Opera- 
tions with  the  Meriden  Iron  Co.,  Hibbing,  Minn. 

F.  C.  Newton  is  Vice-President  and  General  Manager  of  the  Newton 
Manufacturing  Co.,  Lowell,  Mass. 

Adolphe  E.  Bone,  Chairman  of  the  Board  of  Directors  of  the  American 
Road  Machinery  Co.,  has  been  elected  president  of  the  Driggs-Seabury 
Ordnance  Co.,  of  Sharon,  Pa. 

E«  S.  Dickinson,  formerly  Assistant  Professor  of  Mining  at  the  Uni- 
versity of  Kansas,  has  accepted  a  position  on  the  mining  staff  of  the 
Canadian  Copper  Co.,  Copper  Cliff,  Ont.,  Canada. 

J.  L.  W.  Birkinbine  has  been  appointed  by  the  Secretary  of  the  In- 
terior as  consulting  engineer  of  the  Bureau  of  Mines.  Mr.  Birkinbine 
will  prepare  a  monograph  on  the  manufacture  of  iron  and  steel  in  this 
country. 

Andrew  C.  Lawson,  Professor  of  Geology,  has  been  appointed  Dean 
of  the  College  of  Mining,  University  of  California. 
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Walter  S.  Weeks  has  been  appointed  Associate  Professor  of  Mining, 
University  of  California. 

Robert  Rhea  Goodrich  has  been  appointed  Professor  of  Metallurgy  at 
the  University  of  Idaho,  Moscow,  Ida. 

James  F.  McCarthy  has  been  appointed  Manager  of  the  National 
Copper  Mining  Co.,  Mullan,  Ida. 


POSITIONS  VACANT 

(Under  this  heading  will  be  published  notes  sent  to  the 
Secretary  of  the  Institute  by  members  or  other  persons.) 

Superintendent  for  iron  mine  operated  on  the  sub-level  and  caving 
system.  Small  output,  moderate  salary.  Location,  Southern  State. 
No.  45. 

Chemist  to  sample  and  analyze  iron  ore.  Experience  in  other 
branches  not  essential.    Location,  Southern  State.    No.  46. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introducd  by  members.) 

Experienced  mine  superintendent  desires  position.  Several  years' 
experience  in  practical  management  of  mining  and  development  work. 
Has  also  practiced  as  consulting  engineer  and  is  thoroughly  experienced 
in  the  examination  and  development  of  mining  properties.  Mexican 
experience.  Will  go  anywhere  for  reliable  concern.  Salary  moderate. 
References.    No.  254. 

Member,  mechanical  superintendent,  wants  position.  Has  had  12 
years'  experience  as  master  mechanic  of  smelting  plants  in  United 
States  and  Mexico.  Also  superintendent  of  shops  doing  marine,  mining, 
and  general  contracting  work.  Experienced  in  manufacture  of  mining 
tools  and  equipment.  Up  to  the  minute  in  copper,  lead,  and  zinc  smelt- 
ing. Has  learned  a  great  deal,  can  forget  much,  and  has  the  inclination 
and  ability  to  learn  more.    Best  of  references.    No.  255. 

Member,  technical  graduate,  aged  25,  unmarried,  three  years' 
experience  in  metal  mining  and  geology,  Arizona.  Available  imme- 
diately as  assistant  to  consulting  engineer  in  mine  examination  or  in 
mine  operation.  Interview  in  New  York.  Best  of  references.  No. 
256. 

Member,  technical  graduate,  aged  31,  unmarried.  Thoroughly 
experienced  in  operative  and  executive  departments  of  bituminous  coal 
mining.  Also  considerable  experience  in  railroad,  hydro-electric  and 
general  construction  work.  Will  go  anywhere,  but  prefers  the  West  or 
South.  At  present  temporarily  employed  on  Pacific  Coast.  Can 
furnish  best  of  references.    No.  257. 

Member,  graduate  engineer,  aged  44,  with  over  22  years'  experience 
in  connection  with  the  development  of  large  coal  and  coke  properties  in 
diffferent  parts  of  the  country,  desires  position  as  general  manager  or 
general  superintendent  of  large  bituminous  coal  producing,  or  will  take 
an  interest  and  the  management  of  a  smaller  operation.    No.  258. 
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NOMINATIONS  FOR  OFFICERS 

The  co-operation  of  the  members  of  the  Institute  is  earnestly  sought 
by  the  Committee  on  Nominations,  recently  appointed  by  the  Board  of 
Directors,  in  its  work  of  formulating  a  ticket  for  officers  and  places  falling 
vacant  in  the  Board  of  Directors  in  February,  1916.  The  Committee 
must  present  the  official  ticket  of  nominations  to  the  Board  of  Directors 
at  its  October  meeting.  Members  are,  therefore,  urged  to  send  promptly 
their  nominations  for  officers  and  Directors  in  order  that  the  Committee 
may  have  an  opportimity  to  give  them  full  consideration. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1916, 
are:  One  officer,  known  as  Director  and  President.  Two  officers,  known 
as  Director  and  Vice-President.    Five  officers,  known  as  Director. 

The  officers  of  the  Institute  whose  terms  expire  are  as  follows: 

President,  WilUam  L.  Saunders  (nqjt  eligible  for  re-election). 

Past  President,  Charles  F.  Rand. 

Vice-Presidents,  Thomas  H.  Leggett,  District  0;  Fred  W.  Denton, 
District  4. 

Directors,  John  W.  Finch,  District  7;  John  H.  Jane  way,  District  0; 
Edward  P.  Mathewson,  District  5;  Joseph  W.  Richards,  District  2; 
George  D.  Barron,  District  0. 

Communications  should  be  sent  to  the  Chairman  of  the  Committee 
on  Nominations,  Crocker  Bldg.,  San  Francisco,  Cal. 

Committee  on  Nominations:  F.  W.  Bradley,  Chairman. 

Louis  S.  Cates,  James  F.  Kemp,  Fbank  M.  Smith, 

R.  C.  Gemmell,  Frank  A.  Ross,  Arthur  Thacher. 


NATIONAL  RESERVE  CORPS  OF  ENGINEERS 

Last  spring  the  suggestion  was  made  that  the  national  engineering 
societies  offer  to  assist  the  War  Department  in  the  formation  of  an 
engineer  reserve  in  the  United  States  Army.  The  suggestion  was 
brought  to  the  attention  of  some  of  the  ofl&cers  of  the  Army,  who  com- 
mended it  and  confirmed  the  belief  that  the  need  of  such  a  reserve  was  a 
real  one;  that  the  European  war  had  distinctly  shown  that  engineers  in 
time  of  war  are  required  on  a  scale  never  before  realized  and  of  great 
varieties  of  experience.  In  our  own  army  no  adequate  provision  is  made 
for  great  numbers  of  engineers,  for  although  the  corps  of  engineers  is 
composed  of  men  of  the  very  highest  professional  proficiency  in  certain 
lines  it  is  greatly  short  of  the  numerical  strength  that  would  be  immedi- 
ately required. 

Acting  on  this  suggestion,  the  American  Society  of  Civil  Engineers, 
the  American  Institute  of  Mining  Engineers,  the  American  Society  of 
Mechanical  Engineers,  the  American  Institute  of  Electrical  Engineers  and 
the  American  Institute  of  Consulting  Engineers  appointed  committees 
authorized  and  directed  to  take  such  steps  as  might  be  advisable  to  urge 
the  organization  of  such  a  reserve  corps  as  part  of  the  regular  army,  and 
so  assist  in  putting  the  United  States  in  a  better  condition  of  prepared- 
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ness  against  war.  Conferences  were  had  with  the  Secretary  of  War 
and  the  officers  of  the  General  Staff  and  of  the  War  College.  So  much 
encouragement  was  received  that  it  was  felt  advisable  to  form  a  single 
committee  to  represent  jointly  the  five  societies,  in  short,  the  profession 
as  a  whole.  This  will  simplify  future  conferences  with  those  in  authority 
and  show  that  the  various  engineering  organizations  are  earnestly 
co-operating. 

Accordingly,  a  joint  committee  has  now  been  formed,  after  ob- 
taining formal  permission  from  the  five  societies,  consisting  of  the 
chairmen  of  the  previously  appointed  society  committees,  as  follows: 

William  Barclay  Parsons,  Chairman  Committee, 
American  Society  of  Civil  Engineers, 

Henry  S.  Drinker,  Chairman  Committee, 
American  Institute  of  Mining  Engineers, 

William  H.  Wiley,  Chairman  Committee, 

American  Society  of  Mechanical  Engineers, 

BiON  J.  Arnold,  Chairman  Committee, 

American  Institute  of  Electrical  Engineers, 

Ralph  D.  Mershon,  Chairman  Committee, 

American  Institute  of  Consulting  Engineers. 

This  committee  has  selected  Mr.  Parsons  as  its  Chairman  and  is  in 
communication  with  the  War  Department. 

Before  such  a  reserve  corps  can  be  formed,  legislation  authorizing 
it  must  be  passed  by  Congress  and  approved  by  the  President.  The 
details  of  such  legislation  are  now  being  studied  by  the  War  Depart- 
ment. While  no  decision  has  been  reached,  it  is  under  consideration  to 
issue  commissions  as  officers  to  such  engineers  as  will  meet  certain  pro- 
fessional and  physical  standards,  and  who  in  times  of  war  would  be 
subject  to  orders  from  the  Secretary  of  War  as  other  officers  of  the  army, 
and  in  times  of  peace  would  perform  such  duty  as  would  not  seriously 
interfere  with  ordinary  work,  but  give  each  officer  some  military  educa- 
tion and  experience.  In  this  way  it  is  hoped  to  have  a  large  body  of 
engineers  which  could  be  called  quickly  on  duty. 

The  separate  committees  are  still  in  existence  to  do  the  necessary 
work  among  their  fellow  members  of  the  several  societies  as  soon  as 
the  decision  of  the  War  Department  is  given,  and  a  general  scheme  of 
organization  adopted. 

William  Barclay  Parsons,  Chairmarij 
Henry  S.  Drinker, 
William  H.  Wiley, 
BiON  J.  Arnold, 
Ralph  D.  Mershon, 

Joint  Committee  of  the  National  Engineering  Societies  on  the  National 
Reserve  Corps  of  Engineers, 

The  members  of  the  Committee  of  the  American  Institute  of  Mining 
Engineers  on  the  Engineers  Reserve  Corps  movement  are:  Henry  Sturgis 
Drinker,  Chairman;  Arthur  S.  Dwight,  Warren  A.  Wilbur. 
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NAVAL  ADVISORY  BOARD  ON  INVENTIONS 

The  personnel  of  the  Naval  Advisory  Board  on  Inventions,  of  which 
Thomas  A.  Edison  is  to  be  Chairman,  has  been  annomiced  by  Secretary 
of  the  Navy  Daniels,  as  follows: 

K  K 'bISSd  }  American  Chemical  Society. 

B^G^  lIS^ie^  Spragub  |  American  Institute  of  Electrical  Engineers. 

5^SS  GoS»  wZS"  }  *"°--  M.th.,n.Uc.l  Society. 

M^C^"  ""^  }  *»«*«»  Society  of  Civil  E.^nee«. 

Matthew  Bacon  Sellers  \  a        •        a  4.-    i  a    •  a 

Hudson  Maxim  /  American  Aeronautical  Society. 

Peter  Cooper  Hewitt  It        i.     >  n  -u 
Thomas  Robins  /  Inventors  Guild. 

Anme"!!?  L.'  Ri^T  }  An^erican  Society  of  Automobile  Engineers. 

William  Lawrence  Saunders  \  American  Institute  of  Mining  Engi- 
Benjamin  Bowditch  Thayer   /     neers. 

&S ■S^cS""""  }  '^""-■»"  Electrochemicd  Society. 

Sp^encer  Miller     ^^^^  }  American  Society  of  Mechanical  Engineers. 

Henry  Alexander  Wise  Wood  )  American  Society  of  Aeronautic  En- 
Elmer  Ambrose  Sperry  j      gineers. 

In  announcing  the  names  of  the  members  of  the  board.  Secretary 
Daniels  made  the  following  statement: 

"Desiring  to  make  available  the  latent  inventive  genius  of  our  country  to  improve 
our  navy,  a  short  while  ago  I  requested  Mr.  Thomas  A.  Edison  to  become  Chairman 
of  an  Advisorjr  Board  of  eminent  men  who  would  make  up  the  board.  Mr.  Edison, 
with  the  patriotism  characteristic  of  American  inventors,  accepted  the  call  to  duty. 
The  plan  adopted  for  selecting  the  members  of  the  Advisory  Board  was  as  follows: 

"I  requested  eleven  great  engineering  and  scientific  societies  to  select  by  popular 
election  two  members  each  to  represent  their  society  on  the  board.  The  result  has 
been  most  gratifying.  I  have  received  the  nominations  of  all  these  societies  and  have 
accepted  them,  ana  it  only  remains  to  have  a  meeting,  organize  and  determine  the 
method  of  procedure  in  order  to  utilize  to  the  best  advantage  of  our  navy  this  mobiliza- 
tion of  the  talent  and  genius  of  our  great  country.  The  responses  of  the  various  soci- 
eties invited  to  co-operate  in  the  great  undertaking  indicate  the  patriotic  enthusiasm 
awakened  by  this  call  to  duty." 


AFFILIATED  STUDENT  SOCIETY  NOTES 

The  Mining  Association  of  the  University  of  California,  Berkeley, 
Cal.,  has  elected  officers  for  the  fall  term,  as  follows: 

President,  O.  Gavins, 
Vice^PresideTdt  W.  Arendt, 
Treasurer^  C.  N.  Schuette, 
Alumni  Secretary^  E.  Woodcock, 
Secretary, 1j,  J.  Brunei.. 

Execuiive  Committee 
E.  Y.  Dougherty  W.  Farnlacher  W.  Miller 
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JOINT  COMMITTEE  ON  STANDARDS  FOR  GRAPHIC 

PRESENTATION 

Preliminary  Report  Published  for  the  Purpose  of  Inviting 
Suggestions  for  the  Benefit  of  the  Committee^ 

As  a  result  of  invitations  extended  by  The  American  Society  of 
Mechanical  Engineers,  a  number  of  associations  of  national  scope  have 
appointed  representatives  on  a  Joint  Committee  on  Standards  for  Graphic 
Presentation.  Below  are  the  names  of  the  members  of  the  committee 
and  of  the  associations  which  have  co-operated  in  its  formation. 

WiLLARD  C.  Brinton,  Chairman^  American  Society  of  Mechanical  Engineers. 
[7  East  42nd  Street,  * 

New  York  City.] 
LiEONARD  P.  Atreb,  Secretary^  American  Statistical  Association. 
[130  East  22nd  Street, 

New  York  City.] 
N.  A.  Carle.  American  Institute  of  Electrical  Engineers. 
Robert  E.  Chaddock,  American  Association  for  the  Advancement  of  Science. 
Frederick  A.  Cleveland,  American  Academy  of  Political  and  Social  Science. 
H.  E.  Crampton,  American  Genetic  Association. 
Walter  S.  Gifford,  American  Economic  Association. 
J.  Arthur  Harris,  American  Society  of  Naturalists. 
H.  E.  Hawkes,  American  Mathematical  Society. 
Joseph  A.  Hill,  United  States  Census  Bureau. 
Henry  D.  Hubbard,  United  States  Bureau  of  Standards. 
Robert  H.  Montgomery,  American  Association  of  Public  Accountants. 
Henry  H.  Norris,  Society  for  the  Promotion  of  Engineering  Education. 
Alexander  Smith,  American  Chemical  Society. 
Judd  Stewart,  American  Institute  of  Mining  Engineers. 
Wend  ALL  M.  Strong,  Actuarial  Society  of  -finerica. 
Cdward  L.  Thorndike,  American  Psychological  Association. 

The  committee  is  making  a  study  of  the  methods  used  in  different  fields 
of  endeavor  for  presenting  statistical  and  quantitative  data  in  graphic 
form.  As  civilization  advances  there  is  being  brought  to  the  attention 
of  the  average  individual  a  constantly  increasing  volume  of  comparative 
figures  and  general  data  of  a  scientific,  technical  and  statistical  nature. 
The  graphic  method  permits  the  presentation  of  such  figures  and  data 
with  a  great  saving  of  time  and  also  with  more  clearness  than  would 
otherwise  be  obtained.  If  simple  and  convenient  standards  can  be  found 
and  made  generally  known,  there  will  be  possible  a  more  universal  use 
of  graphic  methods  teith  a  consequent  gain  to  mankind  because  of  the 
greater  speed  and  accuracy  with  which  complex  information  may  be 
imparted  and  interpreted. 

The  Following  are  Suggestions  which  the  Committee  has  thus  far  Considered 
as  Representing  the  more  Generally  Applicable  Principles  of  Ele- 

.  mentary  Graphic  Presentation 

1.  The  general  arrangement  of  a  diagram  should  proceed  from  left 
to  right. 

*  Copies  may  be  had  from  the  oflBce  of  the  Institute,  29  West  39th  St.,  New  York 
10  cents  each.    Discount  in  quantities. 
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2.  Where  possible  represent  quantities  by  linear  magnitudes  as  areas 
or  volumes  are  more  likely  to  be  misinterpreted. 


ff 

■ 

- 

r^ 

^ 


3.  For  a  curve  the  vertical  scale,  whenever  practicable,  should  be  bo 
selected  that  the  zero  line  will  appear  on  the  diagram. 

4.  If  the  zero  line  of  the  vertical  scale  will  not  normally  appear  on 
the  curve  diagram,  the  zero  line  should  be  shown  by  the  use  of  a  hori- 
zontal break  in  the  diagram. 


5.  The  zero  lines  of  the  scales  for  a  curve  should  be  sharply  dis- 
tinguished from  the  other  co-ordinate  lines. 


•^ 


Fio.  6B. 


6.  For  curves  having  a  scale  representing  percentages,  it  is  usually 
desirable  to  emphasize  in  some  distinctive  way  the  100  per  cent,  line  or 
other  line  used  as  a  basis  of  comparison. 
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7.  When  the  scale  of  a  diagram  refers  to  dates,  and  the  period  rep- 
resented is  not  a  complete  unit,  it  is  better  not  to  emphasize  the  first 
and  last  ordinates,  since  such  a  diagram  does  not  represent  the  beginning 
or  end  of  time. 


8.  When  curves  are  drawn  on  Ic^arithmic  co-ordinates,  the  limit- 
ing lines  of  the  digram  should  each  be  at  some  power  of  ten  on  the 
logarithmic  scales. 


Fro.  9A. 


Fia.  9B. 


Fia.  10. 


9.  It  is  advisable  not  to  show  any  more  co-ordinate  Unes  than  nec- 
essary to  guide  the  eye  in  reading  the  diagram. 

10.  The  curve  lines  of  a  diagram  should  be  sharply  distinguished 
from  the  ruling. 


Fio.  llA. 


Fio.  IIR 


11.  In  curves  representing  a  series  of  observations,  it  is  advisable, 
whenever  possible,  to  indicate  clearly  on  the  diagram  all  the  points 
representing  the  separate  observations. 

12.  The  horizontal  scale  for  curves  should  usually  read  from  left  to 
right  and  the  vertical  scale  from  bottom  to  top. 
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Fio.  12.  Fio.  13A.  Fig.  13B.  Fio.  13C. 

13.  Figures  for  the  scales  of  a  diagram  should  be  placed  at  the  left 
and  at  the  bottom  or  along  the  respective  axes. 
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Fra.  14A.  Fio.  14B.  Flo.  I4C. 

14.  It  is  often  desirable  to  Include  in  the  diagram  the  numerical  data 
or  formulae  represented. 
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Fio.  15.  Fio.  16. 

15.  If  numerical  data  are  not  included  in  the  diagram  it  is  desirable 
to  give  the  data  in  tabular  form  accompanying  the  diagram, 

16.  All  lettering  and  all  figures  on  a  diagram  should  be  placed  bo  as 
to  be  easily  read  from  the  base  as  the  bottom,  or  from  the  right-hand 
edge  of  the  digram  as  the  bottom. 


Alumikqu  Castinos  Output  of  Plant  No.  2,  bt  Months.     1914  o 

IN   SHORT  tons;    SALES   OT  SCRAP   ALUUIKUU   AKB   NOT  INCLUDED. 

Fi<3.  17. 
17.  The  title  of  a  diagram  should  be  made  as  clear  and  complete  as 
possible.   Sub-titles  or  descriptions  should  be  added  if  necessary  to 
insure  clearness. 


American  Institute  op  Mining  Engineers  xiii 

SOUTHERN  CALIFORNU  LOCAL  SECTION 

Executive  Committee 

Seelet  W.  Mudd,  Chairman 
C.  CoLCOCK  Jones,  Vice-ChaiTinan 

Frederick   J.    H.  Merrill,  Secretary-Treasurer,   631   Higgins   Bldg., 

Los  Angeles,  Cal. 

Ralph  Arnold  A.  B.  Carpenter 

In  order  to  make  the  meetings  of  the  Section  more  interesting  and 
fruitful,  the  Executive  Committee  has  formed  a  sub-committee  on  pro- 
grams for  Section  meetings,  which  announces  for  the  coming  autumn  and 
winter  season,  four  dinner  meetings,  at  intervals  of  two  months,  in 
which  the  co-operation  of  all  Section  members  is  urgently  requested. 

The  subjects  chosen  for  discussion  at  these  meetings,  with  the  pro- 
posed dates,  are  as  follows: ' 

Sept.  28,  1915.     Mining  Geology  of  Mojave  County,  Arizona. 

Dec.  14,  1915.  General  Geology  and  Mining  Conditions  in  Southern 
California. 

Feb.  1,  1916.     Petroleum,  its  Geology  and  Technology. 

April  4,  1916.     General  Mining  Conditions  in  South  America. 

F.  J.  H.  Merrill,  Secretary. 


PENNSYLVANIA  ANTHRACITE  SECTION 

Executive  Committee 

R.  V.  NoRRis,  Chairman. 

Charles  F.  Huber,  Vice-Chairm^in,  W.  J.  Richards,  Vice-Chairman, 

Edwin  Ludlow,  Vice-Chairman,        Arthur  H.  Storrs,  Vice-Chairman. 

Charles  Enzian,  Secretary-Treasurer,  U.  S.  Bureau  of  Mines, 

Wilkes-Barre,  Pa. 

Douglas  Bunting,  Frank  A.  Hill,  Albert  B.  Jessup, 

Rupus  J.  Foster,  John  M.  Humphrey,  Robert  A.  Quin. 

The  first  annual  meeting  of  the  Pennsylvania  Anthracite  Section  was 
held  following  a  luncheon  as  guests  of  the  Lehigh  Coal  &  Navigation  Co., 
at  the  Old  Company's  Club  House,  Lansford,  Pa.,  June  11,  1915,  Chair- 
man Norris  presiding.  The  luncheon  and  meeting  were  attended  by 
173  members  and  guests. 

The  officers  and  members  of  the  Executive  Committee  were  re- 
elected for  the  year  1915. 

W.  L.  Saunders,  President  of  the  Institute,  in  a  brief  address  com- 
plimented the  Section  on  the  great  success  attained  in  membership  and 
contributions  to  the  Institute  and  the  splendid  program  and  enter- 
tainment for  the  members  and  guests  provided  by  the  Lehigh  Coal  & 
Navigation  Co. 

Following  President  Saunders's  remarks  the  meeting  adjourned  with 
a  rising  vote  of  thanks  and  appreciation  to  the  Committee  on  Arrange- 
ments and  the  management  of  the  Lehigh  Coal  &  Navigation  Co. 

Visits  were  made  to  the  Hauto  power  plant,  the  Hauto  washery,  the 
fire  barrier  strippings  at  Summit  Hill,  and  the  Greenwood,  Rahn,  and 
Lansford  collieries  of  the  Lehigh  Coal  &  Navigation  Co.,  and  the  Bear 
Creek  dam  of  the  Panther  Valley  Water  Co. 

Charles  Enzian,  Secretary. 
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LIBRARY 

American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  holidays,  from  September  1  to  June  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  thqir  time  in  locaUties  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Library 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects;  to  determine  the  existence  of  mining  maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  Th^  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  wiU  be  rendered  to  them. 

Library  Accessions 

Partial  List  Classified  by  Subjects 

Geologyy  Mineralogy,  and  Mineral  Resources 

Anticlinal  Structure  in  Parts  op  Cotton  and  Jefferson  Counties,  Oklahoma. 
(Bull.  602,  U.  S.  Geological  Survey.)     Waahington,  1916. 

Structural  Relations  of  the  Prb-Cambrian  and  PALiBozoic  Rocks  North  of 
THE  Ottawa  and  St.  Lawrence  Vallets.  (Museum  Bull.  18,  Canada  Mines 
Department.) 

Practical  Oil  Geology.    By  Dorsey  Hager.     New  York,  1915. 

Guidebook  of  the  Western  United  States.  Part  A.  The  Northern  Pacific 
Route.     (Bull.  611,  U.  S.  Geological  Survey.)     Washington,  1915. 

Analyses  of  Rocks  and  Minerals  from  the  Laboratory  of  the  United  States 
Geological  Survey,  1880-1914.  (Bull.  591,  U.  S.  Geological  Survey.)  Wash- 
ington, 1915. 

List  of  Canadian  Mineral  Occurrences.  (Memoir  74,  Canada  Mines  Depart- 
ment.)    Ottawa,  1915. 
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Western  Australia  Geological  Survey.    Annual  Progress  Report,  1914.    Perth. 

1915. 
British  Columbia  Minister  of  Mines.    Annual  Report,  1914.    Victoria,  1916. 
Products  and  Bt-Products  op  Coal.    Ottawa,  1915. 

Trade  Catalogues 

Bessemer  Gas  Engine  Co.,  Grove  City.  Pa.     Bessemer  Monthly.     Aug;ust,  1915. 
Brown  Hoisting   Machinery   Co.,   Cleveland,   Ohio. 

Catalog   U.     Brownhoist  transfer  cars. 

Brownhoist  Shnable  patent  drafj^-Une  bucket. 
Chicago  Pneumatic  Tool  Co.,  Chicago,  111.    Bull.  130,  Lubrication  of  Pneumatic 

Tools.    August,  1915. 
E.  I.  du  Pont  de  Nemours  Powder  Co.,  Wilmington,  Del. 

Du  Pont  Magazine,  August,  1915. 

Farmers'  Handbook.    Instructions  in  the  use  of  high  explosives  for  clearing 

land,  planting  and  cultivating  trees,  etc.    Wilmington,  1915. 
National  Transit  Co.,  Oil  City.  Pa. 

Bull.  402.     Vertical  Gas  Engines.     Bull.  501.    Vertical  Oil  Engines. 
Shore  Instrument  &  Manufacturing  Co.,  New  York,  N.  Y.    Shore  Scleroscope  for 

measuringthe  hardness  of  metals.    80  pp. 
Sparta  Iron  Works  Co.,  Sparta,  Wis.    Sludge  Bucket.    September,  1915. 
Stbphens-Adamson  Mfg.  Co.,  Aurora,  HI.    I^ibor  Saver.    August,  1915. 
Weiss  Instrument  Co.,  Denver,  Colo.    Description  of  telescope. 
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MEMBERSHIP 

-New  Membebs' 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Aug.  10  to  Sept.  10,  1915: 

Members 

AcoBTA,  Jos£  NiCANDRO,  Min.  Engr.  and  Chem.,  Shannon  Copper  Co., 

Gleeson,  Aiix. 

Anderson,  Amil  A^ner,  Met Homestake  Minine  Co.,  Lead,  S.  D. 

Babb,  p.  a Apartado  92,  Pacnuca,  Hid.,  Mexico. 

Beroh,  Sven  Vilhelm,  Min.  Engr Rorstrandsgatan  32,  Stockholm,  Sweden. 

Boas,  Ross  H.,  Min.  Engr.,  Care  Highland  Boy  Mine,  Bingham  Canyon,  Utah. 
BoNSALL,  James  Malcolm,  Chem.,  Copper  Queen  Reduction  Works,  Douglas,  Ariz. 
Bowles,  Ross.,  Supt.  of  Smelters.  Granoy  Min.  &  Smelt.  Co.,  East  St.  Louis,  Dl. 
Bright,  Graham,  Engr.,  Westingnouse  Electric  &  Mfg.  Co.,  East  Pittsburgh,  Pa. 
Butler,  Richard,  Min.  Engr.,  Mines  Supt.,  Lindal  Moor  Mines, 

Ulverston,  Lancashire,  England. 

Carroll,  Daniel  J 32  W.  40th  St.,  New  York.  N.  Y. 

Carroll,  Fred,  Secy,  and  Genl.  Mgr.,  Atlas  Mining  &  Milling  Co.,  Sheffels,  Colo. 
Davies,  ueoroe  M.,  Mine  Contractor.  Lehigh  Coal  &  Navigation  Co.,  Lansford,  Pa. 
Deavitt,  William  Jefferson,  Min.  Engr.,  Care  American  Smelting  & 

Refining  Co.,  Santa  Eidalia,  Chih.,  Mexico. 
FoESTER,  Hallard  W.,  Min.  Engr.,  Mill  Shift  Boss,  Lucky  Tiger  Mining  Co., 

Esqueda,    Son.,    Mexico. 

Fort,  Michel Director,  School  of  Engineers,  Lima,  Peru. 

GoRDY,  Shepfard  B.,  Genl.  Mine  Foreman,  Braden  Copper  Co.,  Rancagua,  Chile. 

Graham,  Ernest  R Supt.,  Mogul  Mining  Co.,  Terry,  S.  D. 

Guggenheim,  Simon,  Chairman,  Board  of  Directors,  American  Smelt.  & 

Ref .  Co..  120  Broadway,  New  York,  N.  Y. 
Henlet,  Archibald  R.,  Mech.  Engr.,  Lehigh  Coal  &  Navigation  Co.,  Lansford,  Pa. 
Hill,  Stacy  H.,  Mgr.,  IngersoU-Rand  Co.,  717  Providence  Bldg.,  iXiluth,  Minn. 

Hoffman,  John  F.,  Min.  Engr 324  ICensington  Ave.,  Salt  Lake  City,  Utah. 

Holzworth,  Charles  R.,  Asst.  Supt.,  Eliza  Blast  Furnaces, 

Jones  &  Laughlin  Steel  Co.,  Pittsburgh,  Pa. 
Kaeding,  C.  D.,  Vice-Pres.  and  Genl.  Mgr.,  Dome  Mines  Co.,  Ltd., 

So.  Porcupine,  Ont.,  Canada. 

Lane,   James  A Mineral  Products  Co.,   Marysvale,   Utah. 

Lbdnum,  Edmund  Townsbnd,  E.  I.  du  Pont  de  Nemours  Powder  Co., 

1807  McCormick  Bldg.,  Chicago,  111. 
Lennox,  Loring  Cowgill,  Genl.  Mgr.,  Strong  Mining  Co.,  Colorado  Springs,  Colo. 
Martin,  John  Douglas,  Asst.  Supt.,  Zinc  Smelter,  Granby  Min.  &  Smelt.  Co., 

East  St.  Louis,  HI. 
Martin,  Oliver  Curtis,  Met.,  Head  of  Anode  and  Wire  Bar  Depts., 

Nichols  Copper  Co.,  Laurel  Hill,  N.  Y. 

Oliver,  Earl Inspector  of  Oil  Properties,  Bartlesville,  Okla. 

Ramsey,  Elmer  Randall,  Engr.,  Dorr  Cyanide  Machinery  Co.. 

730  First  National  Bank  Bldg.,  Denver,  Colo. 
Reed,  Charles  John,  Chem.  and  Met.  Engr.,  507  Brannan  St.,  San  Francisco,  Cal. 
Roberts,  Thomas  S.,  Underground  Supt.,  Chateaugay  Ore  &  Iron  Co., 

Lyon    Mountain,    N.   Y. 

Sampson,    Carlos     Eugene Supt.,    Recovery   Oil    Co.,    Shale,    Cal. 

Sykbs,  Wilfred,  Elec.  Engr Westinghouse  Electric  &  Mfg.  Co.,  Pittsburgh,  Pa. 

Thoenen,  John  Roy,  Mine  Supty  Mond  Nickel  Co.,  Ltd.,  Garson,  Ont.,  Canada. 
Toenges,  Albert  Loins,  Mine  Foreman;  Min.  Engr.,  Box  598,  Flat  River,  Mo. 
Vans  ANT,  William  Frederick,  Prest.  and  Grenl.  Mgr.,  Copeland  Ore 

Sampling  Co.,  Victor,  Colo. 

AasodcUe  Members 

BoNSACK,  Arthur  A.  .Mgr.,  Ingersoll-Rand  Co.,  200  N.  Broadway,  St.  Louis,  Mo. 

Bornhoft,  Henry Asst.  Genl.  Mgr.,  Penoles  Min.  Co.,  El  Paso,  Tex. 

Cousins,  George  Thomas,  Mech.  Engr.,  Care  Ingersoll-Rand  Co., 

11  Broadwav,  New  York,  N.  Y. 
ScANTLiN,  William  Linole Sales   Engr.,  Ingersoll-Rand   Co.,  Lead,  S.  D. 
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Junior  Members 

Bedworth,  Herbert  Arthur,  Student Selby,  Cal. 

Crispbll,  Charles  Winegar,  Student 362  Temple  St^  New  Haven,  Conn. 

Hall,  William  Teasdale,  Sampling,  Care  Braden  Copper  Co.,  Rancagua,  Chile. 

HiGGiNB,  Lanatt   Tinsley Care   Braden   Copper   Co.,   Rancagua,    Chile. 

Hoffman,  Lloyd Old  Company  Club,  Lansford,  Pa. 

Stitt,  James  Brownlee,  Min.  Engr.,  Care  Braden  Copper  Co., 

Sewell,  via  Rancagua,  Chile. 
WiEGAND,  August  John,  Student 66  N.  Washington  St.,  Wilkes-Barre,  Pa. 

Change  of  Status — Junior  Member  to  Member 
Pratt,  Allyne  Francis 727  E.  43d  St.  N.,  Portland,  Ore. 

Candidates  for  Membership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable 
that  persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not 
c[ualined.  Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  prac- 
tice of  glancing  through  the  list  of  applicants  and  promptly  notifying  the  Committee 
on  Membership,  or  the  Secretary  of  the  Institute,  of  any  persons  whom  they  think 
should  not  be  classified  in  accordance  with  the  list  given. 

The  following  persons  have  been  proposed  during  the  period  Aug.  10 
to  Sept.  10,  1915,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  Members  and  Associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufiScient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

Emerson  Warren  Armstrong,  La  libertad,  Nicaragua. 

Proposed  by  Frank  H.  Probert,  W.  G.  McBride,  S.  M.  Parker. 

Bom  1883,  Aughrim,  Ont.,  Canada.  1900,  Educated,  London,  Ont.,  Canada. 
1901,  Assayer,  Silver  City  Assay  Office,  Silver  City,  N.  M.  1901,  Shift  Boss,  Concen- 
trator, Faywood  Lead  Co.,  Cooks  Peak,  N.  M.  1902,  Chem.,  Copper  Queen  Cons. 
Min.  Co..  Bisbee,  Ariz.  1902,  Chem.,  Black  Diamond  M.  &  S.  Co^  Black  Diamond, 
Ariz.  1903j  Assayer,  G.  C.  Clark,  Bisbee,  Ariz.  1904-05,  Engr.,  Clark  Engrg.  Co., 
Bisbee,  Anz.  1906,  Encr.,  Franklin  W.  Smith  &  Co.,  Bisbee,  Ariz.  1907, 
Engr.,  Hovland  &  Smith,  Globe,  Ariz.  1908,  Engr.,  Black  Warrior  Copper 
Co.,  Globe,  Ariz.  1909-10,  Assaving  and  Engrg.,  Bragonier  &  Armstrong,  Parker, 
Ariz.  191 1,  Millman,  Minas  del  Tajo,  Rosario,  Sinaloa,  Mexico.  1912,  Assayer, 
Albion-Millett  Min.  Co.,  Millett,  Nev.  1912,  Millman,  Associated  Milling  Co., 
Manhattan,  Nev.  1913,  Ore  Shipping,  Codd  Lease,  Rochester,  Nev.  1914,  County 
Surveyor's  office,  Bisbee,  Ariz. 

Present  position:  Met.,  Babilonia  Mines,  Ltd.  ^ 

Frank  Basil  Anderson,  Bisbee,  Ariz. 

Proposed  by  Arthur  Notman.  Gerald  Sherman,  Alexander  V.  Dye. 

Bom  1885,  Stockholm,  Sweden.  1890-99,  Grammar  school;  1899-1900,  High 
school.  Rapid  City,  S.  D.  1900-03,  Preparatory  school,  S.  D.  School  of  Mines. 
1903-07,  S.  D.  School  of  Mines;  B.  S.  1907,  Assayer,  Ely  Bonanza  Min.  Co.,  Ely, 
Nev.;  Surveyor,  U.  S.  Reclamation  Service,  Yiuna,  Ariz.  1908-09,  Assayer  and 
Cyanider,  Lucky  Strike  Min.  Co.,  Novak,  S.  D.  1909-10,  Assayer,  Climax  Min. 
Co.,  Bourne,  Ore.     1910-12,  Assayer  and  Chem.,  Wells  &  Co.,  Portland,  Ore. 

JPresent  position:  1912  to  date,  Sampler,  Copper  Queen  Cons.  Min.  Co. 
2 
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Lewis  Newton  Bailey,  Kellogg,  Ida. 

Proposed  by  J.  W.  Gwinn,  Stanley  A.  Eaaton,  James  S.  Wyatt. 

Born  1884,  San  Diego,  Cal.  1906,  Univ.  of  California;  B.  S.  1907,  North 
Star  Mines  Co.,  Grass  Valley,  Cal.     1908-09,  Montana-Tonopah  Co.,  Tonopah,  Nev. 

Present  position:  1910  to  date,  Mill  Supt.,  Ontario  Min.  Co.;  Asst.  Mill  Supt., 
Bunker  HUl  &  Sullivan  Min.  Co. 

Ernest  Bartli,  Tulsa,  Okla. 

Proposed  by  M.  M.  Valerius,  F.  Julius  Fobs,  G.  H.  Cox. 

Bom  1887,  Aadorf,  Switzerland.  1908,  Grad.,  Technical  School,  Bur^dorf, 
Switzerland.  1913,  Grtid.,  Univ.  of  Berne,  Switzerland,  in  Geology  and  Chemistry; 
Ph.  D.  1913,  Appointed  as  a  member  of  the  geological  staff,  Union  des  P6troles 
d'Oklahoma,  Pans,  France,  to  perform  the  practical  field  work  with  the  Oklahoma 
State  Oil  Co.,  Tulsa,  which  is  the  American  end  of  the  French  company. 

Present  position:  Consulting  Oil  Geologist. 

Daniel  Deronda  Berolzheimer,  New  York,  N.  Y. 

Proposed  by  Maximilian  Toch,  Ray  P.  Perry,  E.  Gybbon  Spilsbury. 

Bom  1877,  New  York,  N.  Y.  1887-93,  PubUc  schools;  1893-95,  College  City 
of  New  York;  1895-1900,  New  York  University,  New  York,  N.  Y.  1897-1900, 
Univ.  of  Wuerzburg,  Wuerzburg,  Bavaria,  Germany.  1900-04,  Chemist  in  charge, 
biochemical  and  analytical  laboratorv  of  Dr.  Judson  Daland,  Philadelphia,  Pa. 
1904-06,  Private  research  and  analytical  work .  1906-10,  Chemist  in  charge,  analytical 
laboratory,  Arlington  Chemical  Co.,  Yonkers,  N.  Y.  1910-11^  Librarian,  American 
Chemical  Society,  New  York.     1910-15,  Librarian,  The  Chemists'  Club,  New  York. 

Present  position:  Librarian,  Barrett  Manufacturing  Co. 

Edward  Anderson  Blanton,  Jr^  Philadelphia,  Pa. 

Proposed  by  W.  L.  Saunders.  L.  D.  Albin,  George  A.  Howells. 

Bom  1858,  Locust  Grove,  Va.  1865-70,  Log  Cabin  Schools,  Amelia  Co.,  Va. 
1870-72,  Private  school,  Philadelphia,  Pa  1872-83,  Practical  mechanics,  Farmville, 
Va.  1883-88,  Charge  of  Howard  Foundry  &  Machinery  Works,  Philadelphia,  Pa. 
1888-91,  Chief  Mech.  Engr.,  La  Union  and  El  Callao  Gold  Min.  Ccl,  Venezuela. 
1893,  Mfg.  general  line  of  machinery,  Howard  Foundry  &  Machine  Works,  Phila- 
delphia, ra.  1893-96^  Chief  Engr^  Crown  Reef  Gold  Min.  Co.,  Johannesburg,  S. 
Afnca,  and  Asst.  Resident  Mgr.,  Buffetsdoom  Estate  &  Gold  Min.  Co.,  S.  Africa. 
1897,  Invented  Blanton  self-tightening  cam  and  cam  shaft.  1910,  Franklin  Institute, 
Philadelphia,  Pa.,  Certificate  of  Ment.  1896-99,  Chief  Engr.,  New  Modderfontein 
Gold  Min.  Co.,  S.  Africa.     1899-1901,  Machinery  for  Min.,  Bourse,  Philadelphia. 

Present  position:  1901  to  date,  Pres.,  Blanton  Copper  Min.  Syndicate. 

Ygnacio  Safford  Bonillas,  Bisbee,  Ariz. 

Proposed  by  Arthur  Notman,  Alexander  V.  Dye,  Gerald  Sherman. 

Bom  1887,  Tucson,  Ariz.  1908,  Mass.  Inst,  of  Tech. ;  B.  S.  1908-12,  Asst.  Geol. 
and  Geo.,  Instituto  Geologico  Nacional,  Mexico,  D.  F.,  Mexico.  1912,  Independent 
mining  practice  in  Mexico. 

Present  position:  1913  to  date,  Geol.,  Copper  Queen  Cons.  Min.  Co. 

George  Oliver  Bradley,  San  Francisco,  Cal. 

Proposed  by  Charles  W.  Merrill,  M.  H.  Kuryla,  Abbot  A.  Hanks. 

Bom  1867,  Colorado.  1887,  Maid  of  Erin  Min.  Co.,  Leadville,  Colo.  1889, 
Elkhora  Mine,  Mont.  1890,  Anaconda  Copper  Co.,  Mont.  1893,  Copper  Queen 
Cons.  Copper  Co.,  Bisbee,  Ariz.  1895,  United  Verde  Copper  Co.,  Jerome,  Ariz. 
1896,  Detroit  Copper  Co.,  Morenci,  Ariz.  1898,  De  Lamors  Golden  Gate,  Mercer, 
Utah.  1904,^  Utah  Copper  Co.,  Utah.  1908,  Pittsburgh  Silver  Peak  G.  M.  Co., 
Nevada.  1909,  Ray  Cons.,  Cnino  Copper.  1915,  Butte  Superior  Copper  Co., 
Alaska  Gastineau  Min.  Co.  and  others. 

Present  position:  Design  and  construction  of  plant,  Alaska  Juneau  G.  M.  Co. 

Charles  Arnold  Cabell,  Carbon,  W.  Va. 

Proposed  by  J.  S.  Cunningham,  C.  E.  Krebs,  Carl  Scholz. 

Born  1870,  Charleston,  W.  Va.  Free  School  of  Charleston,  W.  Va.  Three  years 
in  the  Kanawha  Military  Inst,  of  Charleston,  W.  Va.  1884-90,  Mt.  Carbon  Co., 
LtdM  Powellton,  W.  Va.     1890-1902,  Carbon  Coal  &  Coke  Co.,  Carbon,  W.  Va. 

Present  position:  1902  to  date,  Vice-Prest.,  Carbon  Coal  &  Coke  Co. 
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Lewis  Carl  Chapman,  Tecumseh,  Neb. 

Proposed  by  E.  G.  Woodruff,  David  T.  Day,  Van  H.  Manning. 

Bom  1890,  Tecumseh,  Neb.  1904r-08,  Tecumseh  High  School.  1910-14,  Dept. 
of  Geology,  Univ.  of  Neb.  1909,  U.  S.  Forest  Service,  Dist.  2,  Wyo.  and  Colo.  1910- 
11,  summers,  U.  S.  Geological  Survey,  in  N.  M.  and  Wyo.  1912-13,  Greology  work, 
Pearson  Co.,  in  Mexican  oil  fields.     1914,  Geol.  (Gypsy  Oil  Co,),  Gulf  Co.,  in  Okla. 

Present  position:  Geol.,  Producers  Oil  Co.,  Houston,  Tex.,  Shreveport,  La. 

LaVem  John  Charles.  Elephant  Butte,  N.  M. 

Proposed  by  Harry  J.  Wolf,  W.  Ray  Cox,  R.  B.  Paul,  Arthur  J.  Hiester,  E.  W. 
Keith. 

Bom  1877,  Morrison,  Colo.  Common  and  hi^h  school  education.  1902, 
Colorado  School  of  Mines:  E.  M.  1902,  Editor,  Mimng  Reporter,  Denver,  Colo. 
1902-16,  Asst.  Engr.,  U.  S.  R.  S.     1908,  Assoc.  Memb.;   1914,  Memb.  A.  S.  C.  E- 

Present  position:  Construction  Engr.,  Elephant  Butte  Dam. 

Ervin  Henry  Clausen.  Aroroy,  Masbate,  P.  I. 

Proposed  by  Ernest  A.  Hersam,  W.  S.  Morley,  Andrew  C.  Lawson. 

Bom  1889,  Napa,  C^.    To  1907,  Public  schapls,  San  Francisco.     1908,  Heald's 
Business 
Mining. 
Bank  6 

Works,  San  Francisco.     1913-14,  Assayer  and  Chemist,  Penn  Mining  Co.,  Campo 
Seco,  Cal. 

Present  position:  1915  to  date,  Min.  Engr.,  Colorado  Mining  Co. 

Simeon  K.  Dahl.  Messina,  Transvaal,  So.  Africa. 

Proposed  by  Milo  W.  Krejci,  Willis  T.  Bums,  A.  B.  Emery. 

Bom  1881,  Rodx,  Norway.  1896,  Finished  hi§h  school.  1903,  Preparatory 
college.  1906,  Grad.,  Technical  College  at  Christiania,  Norway;  M.  E.  1906, 
Draftsman,  Illinois  Steel  Works.  1906-07,  Designer,  Sargent  &  Lundy,  Chicago. 
1907-08,  Designer  and  checker,  B.  &  M.  Reduction  Works,  Great  Falls,  Mont. 
1908-10,  Designer  and  checker.  Int.  Smelt.  &  Ref.  Co.;  building  of  Tooele  Plant. 
1910-11,  Mech.  Engr.,  A.  S.  &  R.  Co.,  Velardena,  Mexico.  1911-12,  Supt.  of  Con- 
struction and  Master  Mechanic,  Kennecott  Mines  Co.,Kennecott,  Alaska.  1912-13, 
Engr.  in  charge.  La  F6,  Guadalajara,  Zac.,  Mexico.  19t3-14,  Handy  Man,  Federal 
Lead  Co.,  Flat  River,  Mo. 

Present  position:  Mill  Supt.,  Messina  Transvaal  Dev.  Co. 

Clarence  Benjamin  Dutton,  Washington,  D.  C. 

Proposed  by  Van  H.  Manning,  W.  A.  WilUams.  David  T.  Day. 

Bom  1885,  Boston,  Mass.  1902,  Grad.,  high  school,  Medford,  Mass.  1903, 
Post-graduate  work,  preparatory  for  Harvard  IJniv.;  entered  with  class  of  1904! 
but  left  before  end  firat  semester  on  account  of  death  of  father.  1905-06,  Studied 
law,  Boston  Evening  Law  School.  1907-11,  Studied  law,  George  Washington  Univ., 
Washington,  D.  C;  LL.B.  1912,  Special  courses.  Geology  and  Mineralogy,  George 
Washington  Univ.  1913  to  date.  Special  courses  of  reading  economic  geology, 
metallurgy,  etc.  1907-11,  Law  Clerk,  Bureau  of  Immigration,  Washington,  D.  c'. 
1911-15,  Law  Clerk  and  Law  Examiner,  Bureau  of  Mines,  Washington,  D.  C* 
engaged  on  investigation  work,  oil  fields,  Okla.;  copper  and  lead  smelters,  west  o^ 
Mississippi:  assisted  in  compilation  U.  S.  Mining  Laws  and  their  annotation;  have 
worked  on  legislative  matters  affecting  mineral  industries,  such  as  Alaska  leasing  act 
(coal),  etc.;  assisted  W.  R.  Ingalls  and  other  members  ot  Committee  of  Amer.  Inst. 
of  Min.  En^rs.  in  preparation  model  Metal  Mines  Mining  Law.  Made  special  study 
foreign  minmg  laws,  etc. 

Present  position:  Law  Examiner,  Bureau  of  Mines. 

Frederick  Herman  Gartung,  Miami,  Okla. 

Proposed  by  C.  A.  Wright,  H.  A.  Buehler,  O.  M.  Bilharz. 

Bom  1888,  Bay  City.  Mich.  1906,  Grad.,  Bay  City  Eastern  High  School. 
1911,  Grad.,  Michigan  College  of  Mines;  E.  M.  1911,  R.  S.  Fitch  Engrg.  Co.,  Joplin, 
Mo.  1911,  F.  H.  Gartung,  Min.  Engr.,  Successor  to  R.  S.  Fitch  Engrg.  Co.  1913* 
Engr.,  T.  F.  Lennan.  ' 

Present  position:  1914  to  date,  Supt.,  Lennan  Zinc  &  Lead  Co.,  Miami  Zinc  & 
Lead  Co.,  and  Quapau  Min.  Co. 
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Alexander  R.  Globe,  Timmins,  Ont.,  Canada. 

Proposed  by  H.  W.  Hardinge,  P.  A.  Robbins,  Charles  Humphrey. 

Bom  1880,  Westfield,  N.  B.,  Canada.     General  public  school  education.     1902- 

06,  Surveyor,  DeBeers  Cons.  Mines,  Ltd.,  Kimberley,  So.  Africa.  1906-08,  Asst. 
Chief  Min.  Engr.,  DeBeers  Cons.  Mines,  Ltd.  1908-11,  Mill  Supt.,  McKinley 
Darragh  Savage  Mines,  Cobalt,  Ont.,  Canada.  1911-14,  Supt.,  Hollinger  Gold 
Mines,  Ltd.,  Timmins,  Ont.,  Canada. 

Present  position:  1914  to  date,  Asst.  Genl.  Mgr.,  Canadian  Min.  &  Furnace  Co. 

W.  B.  Gohring,  Warren,  Ariz. 

Proposed  by  Arthur  Notman,  Gerald  Sherman,  Alexander  V.  Dye. 
Bom  1877,  Boston,  Mass.     1903,  Harvard;  S.  B.     1904-08,  Geol.,  Calumet  & 
Arizona  Min.  Co. 

Present  position:  1908  to  date,  Supt.  of  Mines,  Calumet  &  Arizona  Min.  Co. 

Clarence  William  Lawr,  El  Tigre,  Son.,  Mexico. 

Proposed  by  L.  R.  Budrow,  R.  T.  Mishler,  James  W.  Malcolmson. 

Bom  1879.  Traverse  City,  Mich.  1899,  Grad..  High  School,  Elk  Rapids,  Mich. 
1899,  Entered  Law  Dept.,  UniV.  of  Michigan.  Ann  Arbor,  Mich.  1900-01,  Re- 
mained out  of  college  on  account  of  lack  of  funds.  1901-02,  Re-entered  Univ., 
matriculating  in  the  Dept.  of  Literature,  Science  and  Arts.  1906,  Grad.,  Univ.  of 
Michigan;  A.  B.,  after  having  specialized  the  four  years  in  chemistry.  1906-07,  Asst. 
Chem.,  United  Zinc  &  Chemical  Co.,  Argentine,  Kan.  1907-08,  Chief  Chem.,  Pan- 
handle Smelt.  &  Ref.'Co.,  Ponderay,  Ida.;  smelting  company  went  out  of  business. 
1908-09,  Head  Chem.,  Silver  Fissure  Min.  Co.,  Polaris,  Mont.  1910-11,  Head  Chem., 
Smith,  Emory  &  Co.,  Los  Angeles,  Cal. 

Present  position:  1^13  to  date,  Chem.,  Tigre  Min.  Co. 

Raymond  George  Lawry,  Chicago,  111. 

Proposed  by  Newell  G.  Alford,  Howard  N.  Eavenson,  E.  OToole. 

Bora  1879,  Galesburg,  111.  1903,  Kansas  State  Agricultural  College;  B.  S.  in 
Mech.  Engrg.  1901-03,  with  Frank  D.  Moore,  Consulting  Engr.  1903,  short  period, 
Webster  Mfg.  Co.  and  Ajnerican  Steel  &  Wire  Uo.  1903-15,  Roberts  &  SchaeferCo.; 
in  charge  of  designing  of  coal  mine  plant  stmcture. 

Present  position:  Designing  and  contracting  engineer. 

James  Bradford  Lewis,  Jr.,  Warren.  Ariz. 

Proposed  by  Arthur  Notman,  Gerald  Sherman,  Alexander  V.  Dye. 
Born  1882,  Walpole,  Mass.     1906,  Harvard;  S.  B.    1906-07,  Pike  Hill  Mines. 
Corinth,  Vt.     1908,  Tenn.  Copper,  Iron  &  Sulphur  Co.,  Ducktown,  Tenn. 
Present  position:  1908  to  date,  Engrg.  Dept.,  Calumet  &  Arizona  Min.  Co. 

Robert  Earll  McConnell,  Los  Angeles,  Cal. 

Proposed  by  Seeley  W.  Mudd,  Frank  A.  Keith.  C.  O.  Lindberg. 

Bom  1889,  Montrose,  Colo.     1894-1905,  Public  schools,  Durango,  Colo.     1906- 

07,  Univ.  of  Colo.  1907-10,  Columbia  Univ.;  E.  M.  1910-11,  Asst.  Engr.,  Chino 
Copper  Co.,  Santa  Rita,  N.  M. 

Present  position:  1912  to  date,  Min.  Engr.,  for  S.  W.  Mudd. 

James  Comley  McCoy,  Nayatt,  Bristol  Co.,  R.  I. 

Proposed  by  L.  V.  Emanuel,  F.  L.  Antisell,  S.  Skowronski. 

Born  1862^  Urbana,  111.  Common  and  high  school  education  with  one  year  at 
Wesleyan  Univ.,  Bloomington,  111.  1896,  Mgr..  New  England  Electrolytic  Copper 
Min.  Co.,  Central  Falls,  R.  I.  1898-1905,  Mgr.,  Raritan  Copper  Works,  Perth 
Amboy,  N.  J. 

Present  position:  1905  to  date,  Mgr.,  mining  properties  and  mills. 

Warner  McLaughlin,  Cobalt,  Ont..  Canada. 

Proposed  by  James  Johnston,  Fred  W.  Young,  H.  A.  Kee. 

Born  1888,  Port  Henry,  N.  Y.  1898-1903,  Collegiate  School,  New  York.  1903- 
06,  St.  Paul's  School,  Concord,  N.  H.  1906-09,  Harvard  Univ.;  A.  B.  1909-13, 
Columbia  Univ.;-  Met.  E.  1913-14,  Smelterman,  Sampler,  Canadian  Copper  Co., 
Copper  Cliff,  Ont. 

Present  position:  1914  to  date,  Asst.  Met.  Engr.,  Nipissing  Min.  Co. 


American  Institute  op  Mining  Engineers  xxi 

DeWitt  Clinton  MacKallor,  Joplin,  Mo. 

Proposed  by  J.  F.  Kemp.  Charles  P.  Berkey,  Alfred  J.  Moses 

Bom  1884,  Short  ffiUs.  N.  J.  1890-98,  Public  schools,  MUbum,  N.  J.  1899- 
1901,  High  schoolj  Short  Hills,  N.  J.  1902,  DeWitt  CUnton  High  School,  New  York. 
1903-06,  Columbia  Univ.;  E.  M.  1906,  Tramming,  machine  drilling,  surveying, 
Tennessee  Copper  Co.,  Ducktown^  Tenn.  1906-09,  Cjranide  shift  boss,  timekeeper, 
mine  shift  boss,  Engr.,  Dolores  Mmes  Co.,  Dolores,  Chih.,  Mexico.  1909-10,  N^r., 
Duria  de  Oro  Gold  Min.  Co.,  Duria  de  Oro,  Chih.,  Mexico.  1910-11,  Engr.,  Cala- 
bacillas  Min.  Co.,  Calabacillas,  Chih.,  Mexico.  1911-12,  Mine  Foreman,  Dolores 
Mines  Co.  1912-13,  Asst.  Mgr.,  Duria  de  Oro  Gold  Min.  Co.  1913-14,  Engr., 
Chisos  Min.  Co.^  Terlingua,  Tex.     1914-15,  Mgr.,  Cossak  Min.  Co.,  Bland,  N.  M. 

Present  position:  With  H.  R.  Conklin  on  experimental  work. 

Tames  Donovan  Malcolmson,  Douglas,  Ariz. 

Proposed  by  L.  R.  Budrow,  R.  T.  Mishler,  Edward  L.  Dufourcq. 

Bom  1890,  Angangueo,  Mexico.  1913,  Engrg.  School,  Univ.  of  Kansas;  B.  S. 
1913,  Purchasing  Agent.  Choctaw  Portland  Cement  Co.,  Hartshome,  Okla.  1914, 
Secy.,  Rosedale  Crushea  Stone  Co.,  Kansas  City.  Mo. 

Present  position:  Purchasing  Agent  and  CostKeeper,  Tigre  Mining  Co.,  Esqueda, 
Sonora,  Mexico. 

William  R.  May  cumber,  Esqueda,  Sonora,  Mexico. 

Proposed  by  L.  R.  Budrow,  R.  T.  Mishler,  Edward  L.  Dufourcq. 

Bom  1881,  Weedsport,  N.  Y.  1898,  Grad.,  Weedsport  High  School,  Weedsport, 
N.  Y.  Hold  academic  diploma  of  the  Regents  of  the  University  of  the  State  of  N.  Y. 
Mech.  Course,  International  Correspondfence  Schools.  1898-1900.  Apprentice  ma- 
chinist, Stearns  Bicyle  Co.,  Syracuse,  N.  Y.  1900-02^  in  Philadelphia  and  Stand- 
ard mills,  U.  S.  Reduction  &  Refining  Co.,  Colorado  City,  Colo.  1902-03,  Foreman 
in  mill,  Penn.  Wyoming  Copper  Co.,  Grand  Encampment,  Wyo.  1903-07,  Head 
repair  man,  shift  boss,  foreman  in  mill,  Cananea  Cons.  Copper  Co.  1908,  Shift  boss, 
Tigre  Min.  Co.     1908-09,  Mill  Foreman,  Cananea  Copper  Co. 

Present  position:  1909  to  date.  Mill  Supt.,  Tigre  Min.  Co. 

Warren  T.  Mead,  Madison,  Wis. 

Proposed  by  Charles  F.  Rand,  Bradley  Stoughton,  C.  K.  Leith. 

Bom  1883,  Plymouth,  Wis.  1906,  Univ.  of  Wisconsin ;  B.  S.  1908,  M.  A.  1906- 
08,  U.  S.  Geological  Survey,  Lake  Superior  division.  1908-15,  Consulting  Geological 
work  in  Lake  Superior  iron  and  copper  districts,  Latan  iron  districts,  Arkansas  bauxite 
fields,  Butte,  and  other  localities. 

Present  position:  1906  to  date,  Asst.  Prof,  of  Geology,  Univ.  of  Wisconsin. 

Charles  Whiting  Newton,  Wallace,  Ida. 

Proposed  by  Walter  Harvey  Weed,  Theodore  Simons,  Paul  A.  Gow. 

Bom  1870,  Superior,  Wis.  1888,  Finished  General  High  School,  Superior,  Wis. 
1889,  Technical  work  under  tutor,  Superior,  Wis.  1890,  Draftsman,  W-  H.  Newton 
Land  Co.  1891,  Running  transit.  Beck  &  Smith  Engrg.  Co.  1892-93,  Drafting  in 
architect's  office.  1894,  Supt.,  Doly  Min.  Co.,  Ely,  Minn.  1907-15,  Supt.,  Butte 
Ballaklava  Copper  Co.,  Butte,  Mont.,  and  Butte  Zenith  City  Min.  Co. 

Present  position:  Supt.,  Cons.  Interstate  Callahan  Min.  Co. 

lichiro  Omori,  Kumamoto,  Japan. 

Proposed  by  Benzo  Katsura,  Tadashiro  Inouye,  Takichi  Ohashi. 

Bom  1879,  Kumamoto,  Japan.  1901,  Grad.,  Kumamoto  High  Middle  School. 
1904,  Grad.,  Min.  and  Met.  Dept.,  Tokyo  Imperial  Univ.,  "Kogakushi."  1904, 
Min.  Engr.,  Mining  Bureau  of  Prince  Shimazu. 

Present  position:  1906  to  date.  Prof,  of  Metallurgy,  Kumamoto  High  Technical 
School. 

C.  I.  Schultz,  Nacozari,  Son.,  Mexico. 

Proposed  by  Walter  Douglas,  J.  S.  Williams,  H.  T.  Hamilton. 

Bom  1867,  Germany.  General  education.  1892-1906,  Shift  Foreman  and  Genl. 
Foreman,  Boston  Montana  Copper  Co.,  Butte,  Mont.  1906-08,  Supt.,  Butte  & 
Arizona,  Hereford,  Ariz. 

Present  position:  1908  to  date,  Genl.  Supt.,  Moctezuma  Copper  Co. 
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Frank  Henry  Skeels,  Cornucopia,  Ore. 

Proposed  by  R.  G.  Amidon,  Bancroft  Gore,  C.  H.  Bowman. 

Bom  1884,  Uniontown,  Wash.  1911,  Washington  State  College;  B.  S.  in  Min. 
Engrg.  1911-12,  Chief  Engr..  Stewart  Min.  Co.,  Kellogg,  Ida.  1912-13,  Supt., 
Montana  Metal  Min.  Co.,  Helena,  Mont.  191^14,  Const.  Ennr.  and  Mine  Supt., 
August  Min.  Co.,  Landusky,  Mont.  1914-15,  Cons.  Engr.,  W.  £.  Cullen,  Spokane, 
Wash. 

Present  position :  Mgr.,  Red  Mountain  Min.  Co. 

James  R.  Stack,  Perth  Amboy^  N.  J. 

Proposed  by  Clarence  P.  Linville,  Harry  H.  Alexander,  F.  C.  Newton. 
Bom  1889,  Vermont.     1912,  Univ.  of  Vermont;  B.  S.     1912,  Grasselli  Chemical 
Co. 

Present  position:  1913  to  date,  Chem.,  Amer.  Smelt.  &  Ref.  Co. 

Melville  Boicourt  Stewart,  Pekin,  El. 

Proposed  by  H.  H.  Stock.  F.  W.  DeWolf,  S.  O.  Andros. 

Bom  1888,  Metropolis.  111.  1902-06,  Metropolis  High  School.  1906-11,  Univ. 
of  ni.     Combination  Civil  and  Mining  Engineering. 

Present  position;  1911  to  date,  Min.  Engr.,  Tazewell  Coal  Co.,  Pekin,  Dl.;  Roanoke 
Coal  Co.,  Roanoke,  111.;  Johnston  City  Coal  Co.,  Johnston  City,  111. 

Byron  A.  StimmeL  Trail,  B.  C,  Canada. 

Proposed  by  R.  H.  Stewart,  S.  S.  Fowler,  Francis  A.  Thomson. 

Bom  1877,  Salina,  Kan.  1889,  Left  grammar  school,  Salina,  Kan.  1890-96, 
Grammar  and  high  schools.  Spokane,  Wash.  1896-1905,  Grad.,  Washington  State 
College,  Pullman,  Wash.,  Mining  Dept.,  with  work  in  various  mines  and  smelters. 
1905,  Helper  in  electrical  shops,  Granby  Min.  &  Smelt.  Co.,  Grand  Forks,  B.  C, 
Canada.     1906-07,  Assay er,  Dominion  Copper  Co.,  Boundaiy  Falls,  B.  C. 

Present  position:  1908  to  date,  Asst.  Met.,  Consolidated  Min.  &  Smelt.  Co. 

Frederick  Thomas  Teddy,  Ducktown,  Tenn. 

Proposal  by  M.  A.  Caine,  T.  W.  Caver    J.  B.  Risque. 

Bom  1884,  Redmth,  Eneland.  188^93,  English  private  and  public  schools. 
1893-1901,  Grammar  and  high  school.  Ishpeming,  Mich.  1901-03.  En|;rg.  Course, 
International  Correspondence  School.  1906-^8,  Mathematics,  Amencan  School 
of  Correspondence.  1908-12,  Michigan  College  of  Mines;  B.  S.  and  E.  M.  1901-03, 
Apprentice  mechanic,  W.  J.  Roberts^  190^-05,  Mechanic,  Tri-Bullion  Smelt.  & 
Dev.  Co.  1905-07.  Mechanic.  Cleveland-Cliflfs  iron  Co.  1911-12,  summer,  Asst. 
to  Prof,  of  Mech.  Engrg.,  Mien.  College  of  Mines.  1912,  Engr.,  Railway  Valuation, 
Charles  Hansel  &  Co.  1912-14,  Min.  Engr..  Tenn.  Copper  Co.,  Ducktown.  1914-15, 
High  School  Instructor,  science  and  manual  arts.  1915,  Engr.,  Chattanooga  Copper 
Co. 

Present  position:  Min.  Engr.,  Tenn.  Copper  Co. 

Earl  Saben  Twitchell,  Nicosia,  Island  of  Cyprus. 

Proposed    by    Alvin  B.    Carpenter,    Seeley    W.    Mudd,    C.    O.    Ltndberg. 

Bom  1885,  St.  Albans,  Vt.  1904,  St.  Albans  High  School,  Vt.  1908,  Kingston 
School  of  Mining,  Green's  Univ.,  Kingston,  Ont.;  B.  Sc.  1909,  Had  done  required 
amount  of  practical  work  and  obtained  degree  M.  E.  1908-10,  Engr.,  De  Lamar  Co., 
Ltd..  De  Lamar,  Idaho.  1910-12,  Supt.,  Red  Ledge  Mine,  De  Lamar  Co.,  Ltd., 
Washington,  Cal.  1912-13,  Engr.,  De  Lamar  Co.,  De  Lamar,  Idaho.  1913-14,  Asst. 
Supt.,  Hint  Mines,  Ltd.,  Flint,  Idaho,  for  Bainbridge  Seymour  Co.,  London.  1914, 
Sampler,  Mary  Murphy  mine,  Romley,  Colo.  1915,  spring,  Asst.  on  examinations 
in  New  Mexico  and  Arizona. 

Present  position :  Mine  Foreman. 

Charles  Howard  Urquhart,  Joplin,  Mo. 

Proposed  by  C.  A.  Wright,  H.  A.  Buehler,  O.  M.  Bilharz. 

Bom  1874,  Leominster,  Mass.  General  school  education.  1897-1907,  Mining 
in  British  Columbia,  Alaska,  Nevada,  and  Mexico.  1908-09,  Cyanide  Supt.  (Con- 
centrate plant).  Black  Oak  Mine,  Cal.  1910-12,  Designer  and  Supt.  of  mill  (new) 
*  Black  Oak  Dev.  Co.,  Cal.  1913-14,  Met.  testing,  etc.;  incidentally  at  Golden  Cycle 
Mill,  Colo.     1914-15,  Met.  En^rg.  and  mill  builainK,  Joplin,  Mo. 

Present  position:  Metallurgical  Engrg.    Unattached. 
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WilHAxn  A.  Wasley,  Esqueda,  Sonora,  Mexico. 
Proposed  by  L.  R.  Budrow,  K.  T.  Mishler,  Charles  M.  Heron. 
Bom  1886,  Platteville,  Colo.     1905,  Grad.,  Greeley  High  School,  Greeley,  Colo. 
1909^  Grad.,  Colorado  School  of  Mines;  E.  M.     1909-10,  in  mill,  Utah  Copper  Co., 


Co.,  Cananea,  Sonora,  Mexico. 

Present  position:  Cyanide  Foreman,  El  Tigre  Mining  Co. 

Junior  Member  to  Member 

William  A.  Wong,  Tayeh,  Hupeh,  China. 

Became  a  Junior  Member  in  1913.    Out  of  college  and  actively  engaged  in  mining 
for  more  than  a  year. 

Present  position:  Engr.  in  charge  of  an  iron  mine. 

Change  of  Status — Aasodaie  to  Member 

Albert  H.  Anderson,  Worcester,  Mass. 
Bom  1889j  Worcester,  Mass. 

Since  election  as  Associate  in  1913,  have  been  in  engineering  and  operating  control 
of  an  abrasive  milling  plant,  employing  100  men. 
Present  position:  Aorasive  Mill  Foreman. 

Changes  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Aug.  10,  to  Sept.  10, 1915.  This 
list,  together  with  the  list  published  in  Bulletin  Nos.  100  to  105,  April  to 
September,  1915,  and  the  foregoing  list  of  new  members,  therefore,  supple- 
ments the  annual  list  of  members  corrected  to  Mar.  1,  1915,  and  brings 
it  up  to  the  date  of  Sept.  10,  1915. 

Adams,  Huntington Care  White,  Weld  &  Co.,  14  Wall  St.,  New  York,  N.  Y. 

Alexander,  William  H .' 74  Broadway,  New  York,  N.  Y. 

Allen,  Roy  H Lunenburg,  Mass. 

Arnold,  John  B Suite  840,  200  Fifth  Ave.,  New  York,  N.  Y. 

Baqgb,  N.  O 46  Cedar  St.,  New  York,  N.  Y. 

Bailub,  Frank  S Rand  Building,  Baker,  Ore. 

Bible,  Joseph  W Hanover,  N.  M. 

Blackmar,  Frank  H 2924  Garfield  Ave.,  Kansas  City,  Mo. 

Blaylock,  D.  W Flat  River,  Mo. 

Bordeattx,  Albert  F.  J 29  Rue  Faucigny,  Fribourg,  Switserland. 

Brinsmade,  Robert  B 9a  Galeana  1,  Puebla,  Pue.,  Mexico,  via  Vera  Cruz. 

Burger,  C.  C Room  2060,  42  Broadway,  New  York,  N.  Y. 

BuRLiNGAMB,  Walier  E 1100  Lafayette  St.,  Denver,  Colo. 

Clark,  Douglas Stanford  University,  Cal. 

Clement,  Harrison  E.,  Engr.  and  Contractor,  Care  Milton  D.  Grosh, 

University  Club,  Salt  Lake  City,  Utah. 

Cochran,  Ralp  S.,  Met Republic  Iron  &  Steel  Co.,  Youngstown,  Ohio. 

CooKE,  Joseph  H.,  Mono  Development  Co.,  625  Dooly  Bldg.,  Salt  Lake  City,  Utah. 

Crabtree,  Fred Carnegie  Institute  of  Technology,  Pittsburgh,  Pa. 

Cunningham,  P.  H 1302  Highland  Ave.,  New  Castle,  Pa. 

Cutting,  George  Walpord '. .  Morenci,  Ariz. 

Dake,  Walter  M.,  Jr Care  Stall  Bros.,  Masonic,  Mono  Co.,  Cal. 

DouGAN,  Lee  Dbwane Elko  Prince  Leasing  Co..  Midas,  Nev. 

DuNTON,  Damon  D Buck,  via  Alderson,  Okla. 

Durham,  Edward  B 2227  Ward  St.,  Berkeley,  Cal. 

Edblbn,  a.  W.,  Amer.  Smelt.  &  Ref.  Co.,  200  Mutual  Bldg.,  Mexico  City,  Mexico. 

Eldredge,  Robert  B Oil  W.  Pike's  Peak  Ave.,  Colorado  Springs,  Colo. 

Emanuel,  L.  V Care  River  Smelt.  &  Remiing  Co.,  Florence,  Colo. 

EssELSTTN,  J.  N Golden  Pond,  Ky. 

Eye,  C.  M.,  Supt Benguet  Cons.  Mining  Co.,  Baguio,  Ben^et  Prov.,  P.  I. 

Fahrbnwald,  F.  a..  Care  Mining  Dept.,  Case  School  of  Applied  Science, 

Cleveland,  Ohio. 
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FaibbaibNi  George,  18  Welbeck  Court,  Addison  Bridge  Place,  Kensington, 

liondon,  W .,  England . 

Friedrich,  Alfred  Karl Care  Empire  Copper  Co.,  Enaville,  Idaho. 

Gaby,  Walter  E 314  W.  Granite  St.,  Butte,  Mont. 

Goodrich,  R.  R Care  University  of  Idaho,  Moscow,  Idaho. 

Granting,  Hugo  George Box  423.  Golden,  Colo. 

Grondijs,  Heinrich  F Huerfanos  1326,  Santiago  ae  Chile,  Chile. 

Guggenheim,  E.  A Elm  Point,  Great  Neck,  L.  I. 

Hall,  Mortimer  L.,  Min.  Engr.,  Intermountain  Copper  Mining  Co., 

Iron  Mountain,  Mont. 

Hance,  James  H General  Delivery,  Iowa  City,  Iowa. 

Harder,  Edmund  C,  Geol U.  S.  Geological  Survey,  Washington,  D.  C. 

Hastings,  John  Hartley 212  vine  St.,  Monongahela  City,  Pa. 

Havlin,  Thomas  Newell .Care  Havlin  &  Ellis,  Box  346,  Commerce,  Okla. 

Heberlein,  Kuno  B.,  Care  American  Metal  Co.,  61  Broadway,  New  York,  N.  Y. 

Herold,  Stanley  Carrollton Instructed  to  hold  all  mail. 

Hocking,  Richard  O.,  Inspector  of  Mining  Operations,  Care  Meriden  Iron  Co., 

Hibbing,  Minn. 

Hummell,  a.  S Care  Jones  &  Laughlin  Steel  Co.,  Woodlawn,  Pa. 

Ihlseng,  Axel  O Joplin,  Mo. 

Imhopp,  Alexander Gold  Road,  Ariz. 

IvEY,  Joseph  H Casillas  855-856,  Antofagasta,  Chile. 

Jarvis,  Royal  P.,  Chief  Chem.,  Cananea  Cons.  Copper  Co.,  Cananea,  Son.,  Mexico. 

Johnson,  Frederick  Arthur 216  W.  23d  St.,  New  York,  N.  Y. 

Jones,  Alexander  B.,  Accountant,  Cobriza  Mines  Development  Corpn., 

Johnson,  Ariz. 

JuDSON,  Wilder 602  N.  Washington  Ave.,  Lansing,  Mich. 

Kasahara,  Washitaro,  Chief  Engr.,  Hibira  Copper  Mine,  Higashi,  Usukigori, 

Hyuga,  Japan. 

Keeney,  Robert  M Care  Standard  Chemical  Co.,  Canonsburg,  Pa. 

Lewis,  Robert  S University  of  Utah,  Salt  Lake  City,  U'tah. 

Lbwyn,  Oswald  Mark,  Union  Minidre  Co.,  Friars  House,  New  Broad  St., 

London,  England. 

Lindsay,  William  Rupus Box  582,  Juneau,  ^aska. 

McIntosh,  Frank  K Brownsville,  Ind. 

Manners,  Ernest  A.,  781-82  Salisbury  House,  London  Wall,  London,  E.  C, 

En^and. 

Masters,  Harris  K 1403  Fairfield  Ave.,  Bridgeport,  Conn. 

M axon,  W.  L Anaconda,  Mont. 

Moore,  Bliss 2111  N.  Nevada  St.,  Colorado  Springs^  Colo. 

Morris,  Richard  J Church  House,  12th  and  Walnut  Sts.,  Philadelphia,  Pa. 

Morrow,  John  T.,  Factory  Products  Export  Corpn.,  50  Broad  St.,  New  York,  N.  Y. 

Mussigbrod,  Ludwig  S Bearmouth,  Mont. 

Newton,  Francis  Clement Care  Newton  Manufacturing  Co.,  Lowell,  Mass. 

Oppicer,  Herbert  George Panulcillo,  via  Coquimbo,  Chile. 

Pallister,  Hugh  D.,  Prof,  of  Geology  and  Mining,  State  School  of  Mines, 

University  of  Texas,  El  Paso,  Texas. 

Palmer,  William  J.  A Remlig,    Tex. 

Pearson,   James Lehigh,   Mont. 

Ppordte,    Otto    F '. Cairo,    Greene    Co.,    N.    Y. 

PococK,  Cecil  W Northern  Ore  Co.,  Edwards,  N.  Y. 

Prince,  Ernest Boatmen's  Bank  Bldg.,  St.  Louis,  Mo. 

Probert,    Frank    H Hobart    Bldg.,    San    Francisco,    Cal. 

Pryer,  W.  Cristy 522  6th  Ave.  S.  E..  Aberdeen,  S.  D. 

Radclippe,  Donald  Hewson,  Instructor  in  Geology  and  Mineralogy, 

Missouri  School  of  Mines,  Rolla,  Mo. 

Rainspord,  Ralph  S Care  General  Motors  Co.,  Detroit,  Mich. 

Ralston,  William  Chapman 315  Bush  St.,  San  Francisco,  Cal. 

Rawlings,  Stuart  L.  .  .704  West  Coast  Life  Bldg.,  354  Pine  St.,  San  Francisco,  Cal. 

RoDGERS,  M.  K R.  F.  D.  1,  Box  92,  Brentwood  Park,  Sawtelle,  Cal. 

Rogers,  Benjamin  C Care  Standard  Mine,  Box  427,  Metcalf,  Aria. 

Sayre,  Herbert  A 1530  22d  St.,  Des  Moines,  Iowa; 

Schmidt,  Henry  C 170  Calle  Bolivar,  Monterey,  N.  L.,  Mexico. 

Schraps,  Paul  Curtis Care  Harry  Robinson,  Elko,  Elko  Co.,  Nev. 

Sedivy,  Miles 3379  E.  49th  St.,  Cleveland,  Ohio. 

Semple,  Robert  Alexander 380  Lenox  Road,  Brooklyn,i  N.  Y. 

Sen,  Janshi Care  Wing  Wo  Chong,  34  Pell  St»  New  York,  N.  Y. 

Sheldon,  George  R University  Club,  Salt  Lake  City,  Utah. 
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Small,   Horatio  Leyerett Care   Staso   Milling   Co.,   Poultney,   Vt. 

Smith,  Lyon Blair,   Nev. 

Smith^   Walter  F Welsbach   Co.,   Gloucester  City,     N.  J. 

SoPER,   E.  K Dept.  of  Mining,  University^  of  Idaho,   Moscow,   Idaho. 

SwBETSBR,    Arthur   L 103    Wilson    Ave..    Rumford,    R.    I. 

Thomas,  John  F.,  Borough  Engr City  Bldg.,  Farrell,  Mercer  Co.,  Pa. 

Trischka,   Carl Box   941,   Jerome,   Ariz. 

TuscHKA,  Otto Care  Hadden  Hotel,   111  G.  Ave.,  Douglas,  Ariz. 

Tyssowski,  John Room  760,  200  Fifth  Ave.,  New  York,  N.  Y. 

Umpleby,  Joseph  B University  of  California,  Berkeley,  Cal. 

Underhill,  James U.  S.  Mineral  Surveyor,  Idaho  Springs,  Colo. 

Utley,  H.  H Mgr.,  River  Smelting  &  Refining  Co.,  Florence,  Colo. 

Walters,  Maurice  B Standard  Mine  5,  Silverton,  B.  C,  Canada. 

Wang,  Y.  Tsenshan Hartley  Hall,  Columbia  University,  New  York,  N.  Y 

Wbrnbckb.  L Care  Alaska  Treadwell  Gold  Mining  Co.,  Treadwell,  Alaska. 

Weston,  Charles  V 3d  Apartment,  3140  Sheridan  Road,  Chicago,  111. 

Whitakbr,  Charles  N.,  Jr Baldwin  Park,  Cal. 

WiQTON,    George    Harrison Alpine    Apartments,    Anaconda,    Mont. 

WiNMiLL,  Hallett,  Care  Borneo  Co.,  Ltd.,  Lakor  Lampang,  Upper  Siam.  via  Bangkok. 

WiNSLow,  Francis Care  Alaska  Gastineau  Mining  Co.,  Tnane,  Alaska. 

Witt,  Herbert   Nelson  . .  Bacon  Hall,   University   of   California,   Berkeley,   Cal. 

Wood,  Fletcher  H Box  176  H,  Metcalf,  Ariz. 

Worth,  J.  G.,  Min.  Engr., Room  1416,  66  Broadway,  New  York,  N.  Y. 

Wren,  Andrew  Addison Ray,  Ariz. 

Wroth,  Jambs  S 500  Copper  Ave.,  Albuquerque,  N.  M. 

Zimmerman,  Stanley  Hughson.  . .  .Care  Morococha  Mining  Co.,  Morococha,  Peru. 

Addresses  of  Members  and  Associates  Wanted 

Name.  Last  address  of  Record,  from  which  Mail  has  been  Returned. 

Boise,  Charles  Watson,  Care  Formini^re,  8  Montagne  du  Pare,  Brussels,  Belgium. 

BoNSACK,  Arthur  A Ingersoll-Rand  Co.,  200  N.  Broadway,  St.  Louis,  Mo. 

Cook,  Paul  Richardson 4159  Grand  Boulevard,  Chicago,  111. 

DowLER,    Harry    P Penn-Mary    Coal    Co.,    Heilwooa,    Pa. 

Geioer,  Arthur  W 220  Mills  Bldg.,  San  Francisco,  Cal. 

Graves,  McDowell 949  Atlantic  Ave.,  Long  Beach,  Cal. 

Holden,  Roy  J Blacksburg,  Va. 

Kirkland,  T.  C,  Cia  Met.  y  Refinadora  del  Pacifico  S.  A.,  Fundicion,  Son.,  Mexico. 

Lb    Noir,    Frank    H Douglas,    Alaska. 

Miller,  Frank  Barton Blair,  Esmeralda  Co.,  Nev. 

Morse,  Robert  G Mass  Steel  Casting  Co.,  Everett,  Mass. 

Nash,  Willard  H 297  Delaware  Ave.,  Buffalo,   N.  Y. 

Oliver,   Roland  B 8   Montagne  du  Pare,   Brussels,   Belgium. 

Prichard,   Will  A Room  711,   111   Broadway,   New  York,   N.  Y. 

Rhodes,  W.  B Golden,  Colo. 

RuBEL,  Milton  L.,  Pilones  Min.  Co.,  Topia,  Dgo.,  Mex.,  via  Nogales 

and  Culiacan,   E.  de  Sin. 

ScHiNDLER,  Donald  F 215  N.  Murray  St.,  Madison,  Wis. 

Sbibert,  Percy  A Hagerstown,  Md. 

SoMERS,   Ransom   E 804   E.   Seneca   St.,    Ithaca,    N.   Y. 

Stillwagon,  Sam  C 329  W.  58th  St.,  New  York,  N.  Y. 

Sullivan,  Willard  P Henry  Walks  Co.,  Norfolk,  Va. 

Welsh,  Norval  J.  E : Organ,  P.  O.,  N.  M. 

Wilcox,   Ralph Curanilahue,   Chile. 

Wright,  Jesse  T Wallace,  Idaho. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  Aug.  10  to  Sept.  10,  1915: 

Date  of 

Election.         Name.  Date  of  Decease. 

1880  *Com8tock,    Theodore    B July  26,  1915 

1871,  **Hahn,    Otto    H July  26,  1915 

1898,  **Hughes,  Hugh 

*Member.  **Life  Member. 
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Biographical  Notices 

Theodore  Bryant  Comstock,  son  of  Calvin  J.  and  Amelia  (Hanford) 
Comstock,  was  born  July  27,  1849,  at  Cuyahoga  Falls,  Ohio,  and  re- 
ceived his  education  in  the  public  schools  of  Ohio  and  Pennsylvania,  and 
the  Pennsylvania  State  College,  where  he  was  graduated  as  Bachelor 
of  Agriculture  in  1868.  A  supplementary  course  at  Cornell  University 
gave  him  in  1870  the  degree  of  Bachelor  of  Science,  and  the  same  in- 
stitution made  him  Doctor  of  Science  in  1886. 

In  1870,  at  the  age  of  21,  he  served  as  assistant  and  photographer  in 
the  Morgan  expedition  to  Brazil.  In  1871  and  1872  he  waS' Prof essor  of 
Natural  Science  at  Pelham  Priory,  N.  Y.;  in  1873  he  was  geologist  of  the 
expedition  of  Capt.  W.  A.  Jones  to  northwest  Wyoming  and  the  Yellow- 
stone National  Park.  In  1875  he  founded  and  directed  the  Kirtland 
Summer  School  of  Natural  History  at  Cleveland,  Ohio,  and  in  the  same 
year  he  became,  and  remained  for  four  years,  acting  Professor  of  Geology 
and  Paleontology  at  Cornell  University,  where  he  established  a  de- 
partment of  economic  geology.  Meanwhile,  in  1876,  he  served  as  as- 
sistant in  the  Harvard  Summer  School  of  Geology;  in  1877  he  led  an 
expedition  to  the  Northwest  Territory  of  the  Dominion  of  Canada,  and 
in  1878  he  pubUshed  An  Outline  of  Geology. 

From  1885  to  1889  he  was  Professor  of  Mining  Engineering  and 
Physics  in  the  University  of  Illinois;  in  1887  and  1888,  Assistant  State 
Geologist  of  Arkansas;  from  1889  to  1891,  Assistant  State  Geologist  of 
Texas;  in  1891,  founder  and  until  1895  Director  of  the  Arizona  School  of 
Mines;  from  1893  to  1895,  President  of  the  University  of  Arizona,  and 
in  1894,  Director  of  the  Arizona  Agricultural  Experiment  Station.  In 
1893  he  presided  as  Vice-President  over  the  National  Irrigation  Congress, 
held  at  Los  Angeles,  Cal. 

At  various  times.  Professor  Comstock  was  directing  or  advising 
engineer  of  important  mining  companies  in  Colorado,  Arizona,  and 
Mexico.  From  1901  to  1906  he  was  a  member  of  the  Executive  Com- 
mittee of  the  California  Miners'  Association.  He  was  also  an  original 
Fellow  of  the  Geological  Society  of  America,  a  charter  member  of  the 
Mining  and  Metallurgical  Society  of  America;  in  1901,  editor  of  the 
Bulletin  of  the  Southern  California  Academy  of  Sciences,  Having  estab- 
lished at  Los  Angeles  his  headquarters  as  consulting  engineer,  he  took 
a  pubUc-spirited  interest  in  the  progress  of  that  city,  and  from  1910  to 
1912  was  Secretary  and  Chief  Engineer  of  its  Board  of  PubUc  Utilities. 
At  the  time  of  his  death  he  was  President  of  the  California  Farm  and 
Home  Builders. 

Professor  Comstock  joined  this  Institute  in  1880,  and  maintained 
throughout  his  life  a  lively  and  loyal  interest  in  its  work  and  welfare. 
The  following  is  a  list  of  his  contributions  to  the  Transactions, 

Title  Volume  Page  Year 
Notes  on  the  Geology  and  Mineralogy  of  San  Juan  County, 

Colorado xi  165  1882 

The  Geology  and  Vein-Structure  of  Southwestern  Colorado,      xv  218  1886 

Mining  Engineering  at  the  University  of  Illinois xv  589  1886 

Engineering  Relations  of  the  Yellowstone  Park xvi  46  1887 

Notes  on  the  Region  North  of  the  Vermilion  Lake  District, 

in  British  America xvi  109  1887 

Hot  Spring  Formations  in  Red  Mountain  District,  Colorado. .    xvii  261  1888 

The  Ueology  and  Vein-Phenomena  of  Arizona xxx  1038  1900 

Superficial  Blackening  and  Discoloration  of  Rocks,  Especially 

m  Desert  Regions xxxv  1014  1904 
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He  was,  in  1912,  one  of  the  founders  of  the  Southern  Califprnia  sec- 
tion of  the  Institute,  of  which  he  was  the  Chairman  until  forced  by 
failing  health  to  retire  from  active  life.  His  colleagues  have  issued  in 
the  name  of  the  Institute,  and  particularly  of  its  Southern  Cahfornia 
Section,  the  following  sincere  and  well-deserved  tribute  to  his  character 
and  career: 

Southern  California  Section  American  iNSTrruTE  of  Mining  Engineers 

In  Memoriam 

WhereoAf  Iq  the  passing  beyond  of  our  beloved  friend  and  associate,  Theodore 
Bryant  Comstock,  the  American  Institute  of  Mining  Engineers,  and  particularly  the 
Southern  California  Section  and  its  Executive  Committee^  of  which  he  was  a  mo'st 
active  and  efficient  member  until,  through  ill  health,  he  asked  to  be  excused  from 
such  duties,  have  lost  the  active  service  of  one  whose  thought  and  heart's  desire  were 
for  the  good  of  his  fellowmen  and  the  up-building  of  our  Section, 

And  WhereaSj  Our  departed  brother  had  greatly  endeared  himself  to  his  friends 
and  to  the  community  by  his  widely  known  ability  and  his  sterling  uprightness. 

Therefore,  Be  It  Resohed,  That  the  Southern  California  Section  of  the  American 
Institute  of  Mining  Engineers  does  hereby  express  its  deep  sense  of  loss  in  the  death 
of  him  who  so  long  was  its  presiding  officer. 

And^  Be  It  Further  Resohedj  That  a  copy  of  these  resolutions  be  presented  to 
Mrs.  Comstock  in  token  of  our  deep  svmpathy  and  personal  regard,  and  that  copies 
be  forwarded  to  the  members  of  the  Southern  California  Section  and  to  the  Officers 
of  the  American  Institute  of  Mining  Engineers. 

Seeley  W.  Mudd 
C.  CoLcocK  Jones 
Los  Angeles,  Cal.  F.  J.  H.  Merrill 

JtUy  30,  1915.  A.  B.  Carpenter 

Ralph  Arnold 

Executive  Committee 

Professor  Comstock  died  July  26,  1915,  at  his  home  in  Los  Angeles, 
of  heart  failure  following  a  protracted  illness.  His  wife,  to  whom  he  was 
married  in  1880,  survives  him. 

George  Ormrod  was  born  July  13,  1839,  at  Preston,  England,  where 
an  elder  brother  of  his  still  resides,  and,  after  serving  as  Mayor  of  the 
town,  is  chairman  of  its  Select  Council,  and  influentiaUy  active  in  public 
affairs.  When  he  was  less  than  two  years  old,  his  father,  George  Ormrod, 
died,  and  he  was  taken  by  his  imcle  to  Manchester,  where  he  Uved  until 
he  was  nineteen,  receiving  his  education  at  private  schools  and  the  Man- 
chester School  of  Design  and  Engineering,  and  working  nearly  two  years 
in  a  railway  locomotive  shop  at  Gorton.  In  1859,  he  came  to  the  United 
States,  to  visit  his  mother's  brother,  William  Donaldson,  then  proprietor 
of  a  large  anthracite  colliery  at  Tamaqua,  Pa.  Several  weeks  after  his 
arrival,  his  uncle  was  suddenly  killed  in  an  accident;  he  was  persuaded 
by  his  relatives  to  remain,  and  soon  became  Outside  Superintendent  of 
the  colUery.  His  choice  of  this  country  as  a  permanent  residence  was 
sealed  in  1861  by  his  marriage  to  Miss  Permilla  Johnson  of  Tamaqua, 
who,  after  a  wedded  life  of  nearly  51  years,  died  in  1911,  leaving  four 
married  daughters  and  one  son,  John  D.  Ormrod,  who  still  survive. 

Mr.  Ormrod's  business  career  was  intimately  connected  with  the 
development  of  the  anthracite  region  and  the  Lehigh  Valley — a  wonder- 
ful history  of  industrial  progress,  in  which  he  bore  no  small  part.  He 
was  one  of  those  who  opened  in  1865  and  operated  for  many  years  the 
Girard  Mammoth  colliery  at  Raven  Run,  of  which  he  was  Manager  during 
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the  famous  struggle  with  the  Molly  Maguires,  and  afterwards  president 
until  in  1879  the  colliery  was  sold  to  the  Philadelphia  &  Reading  Coal  & 
Iron  Co.  In  1880,  with  two  associates,  he  leased  the  Emaus  blast  furn- 
ace, under  the  firm  name  of  Ormrod,  Fisher  &  Co.  In  1883,  the  firm  built 
the  Emaus  pipe  foundry,  where,  first  under  the  above  name,  and,  after 
its  incorporation  in  1886,  under  that  of  the  John  Donaldson  Iron  Co., 
the  manufacture  of  cast-iron  pipe  and  special  castings,  especially  for 
gas  and  water  mains,  has  been  carried  on  for  more  than  30  years.  Mr. 
Ormrod  was  Manager  and  Treasurer  until  1906,  iand  President  and 
Treasurer  after  that,  until  he  died,  at  which  time  the  company  owned  71 
acres,  36  buildings,  its  own  water  supply  and  electric  light  and  power 
plant,  etc.;  employed  500  workmen  and  produced  annually  50,000  tons 
of  castings.  The  continuous  and  progressive  success  of  this  enterprise 
is  typical  of  the  quiet  but  wise  and  efficient  man  who  managed  it  from  the 
beginning. 

Mr.  Ormrod  was  also  a  leader  in  another  great  industry  of  the  Lehigh 
Valley.  In  1893,  together  with  his  son-in-law,  Thomas  D.  Whitaker, 
he  organized  the  Whitaker  Cement  Co.  (now  the  Alpha  Portland  Cement 
Co.),  which  was  the  first  in  New  Jersey,  and  the  second  in  the  United 
States,  to  manufacture  Portland  cement  by  the  rotary-kiln  process. 
In  1897,  he  was  one  of  the  founders  of  the  Lehigh  Portland  Cement  Co., 
now  among  the  largest  concerns  of  this  class  in  the  country;  and  he  was 
an  active  participant  in  other  important  business  enterprises.  In 
AUentown,  where  he  resided  for  the  last  34  years  of  his  life,  Mr.  Ormrod 
was  universally  known  and  loved  as  a  public-spirited  and  philanthropic 
citizen.  He  was  a  trustee  of  the  AUentown  Hospital  and  of  the  Young 
Men's  Christian  Association;  member  (and  at  one  time  President)  of 
the  Livingston  Club;  director  of  the  Lehigh  Valley  Trust  Co.;  member  of 
the  Franklin  Institute,  the  Union  League  Club,  and  the  Manufacturers' 
Club  of  Philadephia,  and  the  Pennsylvania  Club  of  New  York;  and 
trustee  and  senior  warden  of  Grace  Episcopal  Church,  AUentown. 

He  joined  the  American  Institute  of  Mining  Engineers  in  1881,  and 
maintained  to  the  last  his  interest  in  its  work  and  welfare,  taking  part  in 
many  "Institute  excursions"  with  his  wife,  who  thus  came  to  share  in  the 
cordial  esteem  with  which  he  was  regarded  by  his  fellow-members. 

Mr.  Ormrod  died  at  his  home  in  AUentown,  Pa.,  June  21,  1915,  from 
a  sudden  attack  of  angina  pectoris. 
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EXECUTIVE  COMMITTEES  OF  LOCAL  SECTIONS 

New  York  • 

Maeto  first  Wednasday  after  first  TassdAy  of  each  month. 
DAVID  H.  BROWNE,  Chairman,  JOHN  H.  JANEWAY,  Vice-Chairman. 

F.  B.  PIERCE.  Seeretary,  85  NaaMu  St.,  New  York,  N.  Y. 

P.  A.  MOSMAN,  TrMMur«r. 
LEWIS  W.  FRANCIS.  

BosUm 

Meets  first  Monday  of  eaoh  winter  month. 
HENRY  L.  SMYTH,  Chaiirman,  ALFRED  C.  LANE .  Vice-Chairman. 

HENRY  A.  WENTWORTH.  SccraanhTreaeurcr,  60  India  St.,  Boston,  Mass. 
ROBERT  H.  RICHARDS,  ALBERT  SAUYEUR. 

»  Cclumbia 

Holds  four  sessions  darlnc  year.    Annual  meeting  in  September  or  October. 
FRANK  A.  r6SS.  Chairman,  RUSH  J.  WHITE,  Vice-chairman. 

LYNDON  K.  ARMSTRONG,  Secretarv'Treaeurer,  P.  O.  Drawer  2164,  Spokane,  Wash. 
FREDERIC  EEFFER,  FRANCIS  A.  THOMSON. 

Puffd  Sound 

Meets  second  Saturday  of  each  month. 
L  F.  LAUCES,  Chairman.  J.  F.  MENZIES,  Vice-Chairman. 

GLENVILLE  A.  COLLINS,  Searetarv-Treaeurer,  Box  144,  Seattle,  Wash. 
H.  L.  MANLEY. 

Southern  CaHfomia 

8EELEY  W.  MUDD,  Chairman,  C.  COLCOCK  JONES,  Vice-Chairman. 

FREDERICK  J.  H.  MERRILL,  SeeretanfTreaeurer,  OSi  Higgins  Bldg.,  Los  Angeles,  Cal. 
RALPH  ARNOLD,  A.  B.  CARPENTER. 

Coiorodo 

CHARLES  A.  CHASE,  Chairman.  S.  A.  lONIDES,  Vice-Chairman. 

C.  LORIMER  COLBURN,  i8«er«lary-3Vcasiir«r,  614  Ideal  Bldg.,  Denver,  Colo. 
FRED  H.  BOSTWICK,  W.  G.  SWART. 

Montana 

FRANK  M.  SMITH,  Chairman.  JAMES  L.  BRUCE.  Vice-Chairman. 

DAR8IE  C.  BARD,  Secretary,  Montana  State  School  of  Mines.  Butte,  Mont. 
FREDERICK  LAIST,  W.  C.  SIDERFIN. 

San  Francisco 

Meets  second  Tuesday  of  each  month. 
Q.  HOWELL  CLEVENGER,  Chairman,  C.  W.  MERRILL,  Vice-Chairman. 

JAMES  C.  RAY,  Secretarv-Treaetirer,  1235  Webster  St.,  Palo  Alto.  Cal. 
F.  W.  BRADLEY,  ANDREW  Q.  LAWSON. 

P'enneylvania  Anihradte  Section 

R.  V.  NORRIS,  Chairman. 
CHARLES  F.  HUBER,  Vice-Chairman,  W.  J.  RICHARDS.  Vice-Chairman, 

EDWIN  LUDLOW,  Vice-Chairman,  ARTHUR  H.  STORRS,  Vice-Chairman. 

CHARLES  ENZlAN,  Secretary-Treaeurer,  U.  S.  Bureau  of  Mines,  Wilkes-Barre.  Pa. 

DOUGLAS  BUNTING,        FRANK  A.  HILL,  ALBERT  B.  JESSUP. 

RUFUS  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

SL  Louie 

ARTHUR  THACHER,  Chairman.  *R.  A.  BULL,  Vice-Chairman. 

WALTER  E.  McCOURT,  Secretary-Treaeurer,  Washington  Univ.,  St.  Louis,  Mo. 
H.  A.  BUEHLER,  R.  R.  S.  PARSONS,  HERBERT  A.  WHEELER. 

CMcaffo 

ROBERT  W.  HUNT,  Chairman,  J.  A.  EDE,  Vice-Chairman. 

HENRY  W.  NICHOLS,  Secretary-Treaeurer,  Field  Museum  of  Natural  History,  Chicago,  III. 
F.  K.  COPELAND,  G.  M.  DAVIDSON. 

Utah 

R.  C.  GEMMELL,  Chairman.  C.  W.  WHITLEY,  Vice-Chairman. 

ERNEST  QAYFORD,  Secretary-Treaeurer,  160  Fierpont  Ave.,  Salt  Lake  City,  Utah. 
WALTER  FITCH,  WILLIAM  WRAITH. 
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STANDING  COMMITTEES 

*  ExecuHioe 

WILLIAM  L.  SAUNDERS,  Chairman 
GEORQE  D.  BARRON,  JOSEPH  W.  RICHARDS. 

SIDNEY  J.  JENNINGS,  BENJAMIN  B.  THAYER. 

Membership 

JOHN  H.  JANEWAY,  Chairman 
KARL  EH.ERS.  LOUIS  D.  HUNTOON, 

LEWIS  W.  FRANCIS,  ARTHUR  L.  WALKER. 

Finance 

GEORGE  D.  BARRON,  Chairman, 
ALBERT  R.  LEDOUX,  CHARLES  F.  RAND. 

Library 

E.  GYBBON  SPmSBURY,  Chairman.* 
KARL  EILER8*  ALEX  C.  HUMPHREYS,* 

JOHN  HAYS  HAMMOND,t  BRADLEY  STOUGHTON. 

Papere  and  Pvblicatione 

BRADLEY  STOUGHTON,  Chairman, 


KARL  EILERS, 
JOSEPH  W.  RICHARDS. 


J.  L.  W.  BIRKINBINE, 
WHJJAM  H.  BLAUVELT 
H.  A.  BRASSERT, 
WILLIAM  CAMPBELL, 
R.  M.  CATLIN, 
ALLAN  J.  CLARK, 


BXBCVnyB  OOMMITTXB 

GEORGE  C.  STONE. 
SAMUEL  A.  TAYLOR. 

THOMAS  T.  READ. 


WALTER  E.  HOPPER, 
HENRY  M.  HOWE, 
LOUIS  D.  HUNTOON, 
J.  tl.  JOHNSON,  JR., 
LEE  O.  KELLOGG, 
wn^LIAM  KELLY. 


FREDERICK  G.  COTTRELL.  JAMES  F.  KEMP. 


NATHANIEL  H.  EMMONS, 
JOHN  W.  PINCH. 
CHARLES  H.  FULTON 
F.  LYNWOOD  GARRISON, 
ROBERT  C.  GEMMELL, 
CHARLES  W.  GOODALE, 
HARRY  A.  GUESS, 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY, 
HEINRICH  O.  HOFMAN, 


CHARLES  K.  LEITH, 
ANTHONY  F.  LUCAS. 


ROBERT  H>  RICHARDS, 
L.  D.  RICKETT8, 
HEINRICH  RIES. 
E.  F.  ROEBER, 
RENO  H.  SALES, 
ALBERT  SAUVEUR, 
HENRY  L.  SMYTH, 
A.  A.  STEVENSON 


EDWARD  P.  MATHEW80N,     RALPH  H.  SWEETSER, 


HERBERT  A.  MEGRAW, 
RICHARD  MOLDENKE. 
8EELEY  W.  MUDD, 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS, 
R08SITER  W.  RAYMOND. 


FELIX  A.  VOGEL. 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON, 
HORACE  V.  WINCHELL, 
FREDERICK  W.  WOOD, 
DWIGHT  E.  WOODBRIDGP. 


COMMITTEE    ON    JUNIOR    MEMBERS    AND    AFFILIATED    STUDENT 

SOCIETIES 

HARRY  H.  STOEK.  Chairman. 

Vice'Chairmen 

CHARLES  H.  FULTON,  FREDERICK  W.  SPERR, 

EDWIN  C.  HOLDEN.  GEORGE  J.  YOUNG. 

WALTER  R.  CRANE,  SeertUtry,  Penntylvania  Stoto  College.  State  College.  Pa. 


LUTHER  W.  BAHNEY. 
DARSIE  C.  BARD, 
ROBERT  H.  BRADFORD. 
SAMUEL  W.  BEYER. 
GUY  H  COX. 
JOSEPH  DANIELS. 
NOAH  F.  DRAKE. 
FRANK  W    DrRKEE. 


HOWARD  ECKFELDT, 
DAVID  M.  FOLSOM, 
R.  R.  GOODRICH. 
CHARLES  E.  LOCKE. 
JAMES  F.  McCLELLAND. 
HARRY  B.  MELLER, 
WALTER  S.  MORLEY. 
HENRYS.  MUNROE, 


CHARLES  J.  NORWOOD. 
GEORQE  8.  RAYMER. 
HEINRICH  RIES. 
HENRY  L.  SMYTH. 
FRANCIS  A.  THOMSON. 
F.  W.  TRAPHAGEN. 
CLINTON  M.  YOUNG. 


>  UntU  Feb..  1016.         •  UntU  Feb..  1917.         *  Until  Feb..  1018.         «  Until  Feb..  1010. 


Ambbican  Institute  of  Mining  Enginbbbs 


XXXI 


CX>MMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ,  Chairman. 
DAVID  H.  BROWNE,  Firtt  Vie^-Chairman, 

Vtce-Chairmen 


LYNDON  K.  ARMSTRONG, 
EDWARD  H.  BENJAMIN, 
CHARLES  A.  BUCK, 
H.  W.  HARDINdE, 
DUNCAN  MACVICHIE, 


VAN  H.  MANNING. 
HENRY  W.  NICHOLS. 
ERSKINE  RAMSAY, 
SUMNER  S.  SMITH, 
WALTER  G.  SWART. 


EDWARD  L.  DUFOURCQ,  Steretary,  C  22  Produce  Ezohange,  New  York,  N.  Y. 


HUNTINGTON  ADAMS. 
F.  L.  ANTISELL. 
FRANKLIN  BACHE, 
EDWIN  G.  BANKS. 
PERCY  G.  BECKETT, 
LOUIS  V.  BENDER, 
JAMES  G.  BERRYHILL, 
ALBERT  C.  BOYLE,  JR. 
D.  H.  BRADLEY.  JR. 
VICTOR  M.  BRASCHI. 
FREDERIC  K.  BRUNTON. 
LESTER  R.  BUDROW. 
MILTON  A.  CAINE. 
EDWIN  E.  CARPENTER, 
CHARLES  CATLETT. 
NOAH  F.  DRAKE, 
J.  A.  EDE. 

LOUIS  V.  EMANUEL. 
AUGUSTUS  H.  EUSTIS. 
WALTER  FITCH. 
WILLIAM  E.  FOHL. 
STEPHEN  L.  GOODALE. 
CARL  E.  GRUNSKY.  JR., 


GEORGE  A.  GUESS. 
BENJAMIN  M.  HALL. 
RICHARD  S.  HASELTINE.' 
PHILIP  W.  HENRY. 
FRANK  R.  HEWITT, 
JOSEPH  T.  HILLES. 
JOHN  HOATSON, 
ROY  J.  HOLDEN. 
TADASHIRO  INOUYE. 
YING-CHIEH  KUANG. 
CLANCY  M.  LEWIS. 
I.  P.  LIHME, 
JOHN  J.  LINCOLN. 
DOUGLAS  C.  LIVINGSTON. 
SPENCER  R.  LOGAN. 
BRUNO  V.  NORDBERG, 
HENRY  M.  PARKS, 


HAZEL  L.  SCAIFE. 
WILUAM  J.  SHARWOOD, 
8.  F.  SHAW. 
JO  E.  SHERIDAN, 
ARTHUR  P.  SILUMAN. 
JOHN  G.  SMYTH, 
RICHARD  B.  STANFORD 
LEWIS  STOCKETT. 
JOHN  M.  SULLY, 
ARTHUR  F,  TAGGART. 
CHARLES  H.  TAYLOR, 
BENJAMIN  F.  TILL30N, 
ARTHUR  L.  TUTTLE. 
CHUNG  YU  WANG. 
R.  C.  WARRINER, 
WALTER  HARVEY  WEED. 
WILLIAM  Y.  WE8TERVELT 


RICHARD  C.  PATTERSON.  JR.    HERBERT  A.  WHEELER, 


OLUF  G.  PETERSEN. 
FRANK  Da  G.  RATHBUN. 
AMBROSE  E.  RING, 
OSCAR  ROHI<{, 
WILLIAM  W.  ROSE, 


EDWIN  E.  WHITE, 
C.  W.  WHITLEY, 
HENRY  A.  J.  WILKENS, 
A.  EMORY  WISHON. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 


EledricUy  in  Mining 

WILLIAM  KELLY, 
THOMAS  H.  LEGGETT, 
SAMUEL  A.  TAYLOR, 


Mine  Bxplonona 

H.  M.  CHANCE, 
FRANK  HAAS, 
CARL  SCHOLZ, 


Mine  Svbeidenee 

JAMES  F.  KEMP. 
R.  V.  NORRIS, 
CHARLES  K.  LEITH 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 


C9pp§r:  F.  L.  ANTISELL, 
Lwd:  HEINRICH  O.  HOFMAN, 
NicM:  DAVID  H.  BROWNE. 


Aluminum:  JOSEPH  W.  RICHARDS, 
Zine:  GEORGE  C.  STONE. 


COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 


HENRY  S.  DRINKER, 


ARTHUR  S.  DWIGHT, 


WARREN  A.  WILBUR. 
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NOMINATING  COMMITTEE 

FRED  W.  BRADLEY.  Chairman. 

LOUIS  8.  GATES,  JAMES  F.  KEMP.  FRANK  M.  SMITH. 

R.  C.  QEMMELL.  FRANK  A.  ROSS.  ARTHUR  THACHER. 


INSTITUTE  REPRESENTATIVES 
United  Engineering  Sodeiy  TrtuUee 

CHARLES  F.  RAND.>  JOSEPH  STRUTHERS.^  BENJAMIN  B.  THAYER.* 

Library  Board,  United  Engineering  Society 

KARL  EILERS.S  ALEX.  C.  HUMPHREYS,*  BRADLEY  STOUGHTON. 

JOHN  HAYS  HAMMOND.i       E.  GYBBON  SPILSBURY.* 

John  FritM  Medal  Board  of  Award 

JAMES  F.  KEMP.i  ALBERT  SAUVEUR,* 

CHARLES  F.  RAND.«  E.  GYBBON  SPILSBURY.* 

General  Conference  Committee  of  Engineering  Sodetiei 

BENJAMIN  B.  LAWRENCE,  J.  PARKE  CHANNING. 

American  Aeeociation  for  the  Advancement  of  Science 

WALDEMAR  LINDGREN,  JOSEPH  B.  TYRRELL. 

Advieory  Board  of  the  National  Coneervation  Congreee 

HENRY  S.  DRINKER. 

Committee  on  Standardization  of  Oraphical  Methode 

JUDD  STEWART. 

Second  Pan-American  Scientific  Congreee 

HBNNEN  JENNINGS.       W.  L.  SAUNDERS.  BRADLEY  STOUGHTON. 

Committee  on  National  Reserve  Corps  of  Engineers 

HENRY  S.  DRINKER. 

Naval  Advisory  Board  on  Inventions 

WILLIAM  L.  SAUNDERS,  BENJAMIN  B.  THAYER. 

Committee  on  Classification  of  Technical  Literature 

WILLIAM  P.  CUTTER. 


»  UntU  F«b..  1916.         >  UntU  Fob..  1917.         •  Until  Feb.,  1918.         «  Until  Fob..  1919. 
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TECHNICAL  COMMITTEBS 
Iron  and  Steel 

JOSEPH  W.  RICHARDS,  Chairman, 

J.  E.  JOHNSON,  Jb.,  VicB-Chainnan, 

ARTHUR  S.  CALLEN,  Stcretanf,  453  Chestnut  St.,  So.  Bethlehem,  Pa. 

SUB-COMMTTTBBB 

IRON  ORB 

DWIGHT  B.  WOODBRIDGE,  Chairman, 

ERNEST  F.  BURCHARD.  WILLIAM  KELLY,  CHARLES  P.  RAND, 

FELIX  A.  VOGEL. 


WILLIAM  H.  BLAUVELT, 


BLAST  FUBNACBS 

H.  A.  BRASSERT,  Chairman. 

AMBROSE  N.  DIEHL, 
RICHARD  V.  McKAY. 


JAMES  GAYLEY, 


GUILLL^M  AERTSEN, 
FRANK  D.  CARNEY, 


ROBERT  W.  HUNT, 


STBBL  WORKS 

HENRY  D.  HIBBARD,  Chairman. 

C>  F«  W.  R  X  B, 

A.  A.  STEVENSON, 

ICBCHANICAL  TBBATICBNT 
CHARLES  A.  BUCK,  Chairman. 


J.  S.  UNGER. 
WILLIAM  R.  WALKER. 


GEORGE  MESTA, 


FREDERICK  W.  WOOD. 


JOHN  H.  HALL, 


FOUNDRY 
RICHARD  MOLDENKE,  Chairman. 

ENRIQUE  TOUCEDA. 


CBXMJffTBY,  PHYSIOS,  AND  ICBTALLOGRAPHY 
ALBERT  SAUVEUR,  Chairman. 
HERBERT  M.  BOYLSTON,       HENRY  M.  HOWE.  E.  GYBBON  SPILSBURY, 
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TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting,  February,  1016,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  En^neers.  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  April  1,  1916.  Any 
discussion  offerea  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Recent  Advances  in  the  Chemistiy  of  the  Cyanogen  Compounds 

BY  J.   B.   CLENNELL,*  B.   8.,    OAKLAND,    CAL. 
(New  York  Meeting,  February,  1916) 

It  is  a  common  observation  that  the  improvements  introduced  in 
practice  since  the  first  announcement  of  the  cyanide  process  have  been 
almost  entirely  mechanical.  Although  a  good  deal  of  study  and  re- 
search has  been  devoted  to  the  chemical  problems  involved,  the  results 
obtained  appear  trifling  in  comparison.  Few  of  the  suggested  modifica- 
tions in  the  chemical  treatment  have  come  into  practical  use  and  those 
only  in  limited  fields.  Nevertheless,  if  we  study  the  recent  history  of 
the  cyanogen  compounds  from  a  somewhat  broader  standpoint,  we  shall 
find  that  considerable  additions  have  been  made,  not  only  to  our  knowl- 
edge of  their  chemical  propierties,  but  also  to  their  applications  for 
industrial  purposes.  ^ 

The  present  review  of  these  advances  naturally  falls  into  two  divisions: 
(1)  processes  involved  in  the  treatment  of  ores;  (2)  manufacture  of 
cyanides  and  other  related  compounds. 

Part  I.  Advances  in  the  Chemistry  op  Ore  Treatment 

BY  Cyanide 

In  the  attempt  to  extend  the  scope  of  the  process,  various  ores  have 
been  encountered  which  contain  gold  and  silver  in  such  forms  that  they 
will  not  yield  satisfactorily  to  ordinary  methods  of  cyanide  treatment. 
In  some  cases  the  difficulty  is  due  to  the  excessive  action  on  the  solution 
of  base  metals  present  in  the  ore;  in  others,  to  the  occurrence  of  minerals 
such  as  dyscrasite  (the  native  alloy  of  antimony  and  silver),  or  a  supposed 
oxidized  manganese' compound  containing  silver,  which  are  either  al- 
together insoluble  in  or  very  sUghtly  attacked  by  cyanide.  A  particularly 
troublesome  case  is  that  of  the  so-called  "graphitic"  ores,  containing 
carbon  in  some  form  which  has  the  property  of  precipitating  gold  and 
silver  already  dissolved. 

Other  efforts  have  been  directed  to  improving  extraction  by  elec- 
trolysis of  working  solutions,  and  by  addition  of  various  chemicals  with  or 
without  electrolysis;  to  the  diminution  of  cyanide  consumption  by  "re- 

*  Metallurgical  Chemist. 
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generating"  the  spent  solution  by  chemical  or  electrical  means  with  the 
object  of  decomposing  complex  cyanides  formed  in  the  treatment,  thus 
reproducing  simple  cyanides  or  other  substances  capable  of  dissolving 
further  quantities  of  precious  metal. 

Treatment  of  Carboniferous  Ores  and  Products    . 

Perhaps  the  most  important  recent  papers  bearing  on  the  chemistry 
of  ore  treatment  by  cyanide  are  those  of  Morris  Green^  and  W-  R, 
Feldtmann.*  (The  references  are  to  the  bibliography  at  the  end  of 
this  paper.)  Green  establiehed  the  fact  that  the  precipitation  of  gold  by 
carbonaceous  matter  contained  in  certain  ores  and  metallurgical  products 
could  be  traced  to  the  presence  of  occluded  gases,  of  which  carbon  mon- 
oxide appears  to  be  the  most  active.  He  also  pointed  out  that  graphite, 
anthracite  and  other  dense  forms  of  carbon,  natural  or  artificial,  have 
little  or  no  precipitating  eflfect.  It  was  also  found  that  charcoal  gradually 
loses  its  precipitating  power  on  exposure  to  air,  and  also  loses  it  almost 
completely  when  heated  to  500°  C,  if  the  occluded  gases  be  extracted 
by  a  powerful  vacuum  pump.  Feldtmann  has  carried  this  investigation 
a  step  further,  and  thrown  hght  on  the  reaction  by  which  gold  is  deposited 
from  solutions  of  its  double  cyanides  by  carbonaceous  matter. 

An  investigation  was  made  on  a  West  African  ore  containing  graphitic 
schist,  in  the  treatment  of  which  the  phenomenon  not  very  happily 
termed  "re-precipitation"  had  been  a  cause  of  poor  extraction.  Un- 
successful eflforts  were  made  to  remedy  the  trouble  by  preliminary  treat- 
ment of  the  ore  with  various  metallic  salts,  oxidizing  and  reducing  agents. 
Similar  substances  were  added  to  the  cyanide  solution  itself,  but  without 
eflfect.  It  was  soon  observed  that  an  analogy  existed  between  the  effects 
of  this  graphitic  schist,  and  those  of  charcoal  on  gold-bearing  cyanide 
solutions,  and  that  the  action  was  entirely  different  from  that  of  charcoal 
on  gold  chloride  solutions.  Gold  deposited  on  charcoal  from  a  chloride 
solution  is  visibly  metallic,  and  readily  soluble  in  cyanide,  whereas  gold 
precipitated  by  charcoal  or  graphitic  schist  from  a  cyanide  solution  is 
almost  insoluble  in  fresh  cyanide,  and  microscopic  examination  fails  to 
reveal  any  metalUc  particles. 

Finally  it  was  discovered  that  a  partial  extraction  of  the  precipitated 
gold  could  be  made  by  treating  the  impregnated  material  with  solutions 
of  alkaline  sulphides.  Hydrosiilphides  of  the  type  NaHS  or  KHS  were 
the  most  effective ;  normal  sulphides,  as  Na2S,  acted  nearly  as  well; 
poly  sulphides  were  less  effective  and  ammonium  sulphide  still  less.  It 
was  shown  that  the  gold  so  extracted  appears  in  solution  as  an  auro- 
cyanide  and  not  as  an  aurosulphide.  It  can  be  readily  recovered  bj- 
precipitation  on  metallic  copper,  and  also,  but  apparently  with  more 
difficulty,  by  precipitation  with  zinc  or  aluminum. 

Feldtmann  offers  the  surmise  that  the  gold  compound  formed  both  in 
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charcoal  and  in  the  graphitic  schist  consists  of  a  carbonyl  aurocyanide, 
possibly  AuCN-C0(CN)2,  insoluble  in  cyanide  but  soluble  in  alkfUine 
sulphides  with  formation  of  thiocyanates  and  aurocyanides,  presumably 
by  such  a  reaction  as  the  following: 

NaaS  +  AuCN-C0(CN)2  =  NaCNS  +  NaAu(CN)2  +  CO 

An  observation  which  may  have  an  important  bearing  on  the  subject  is 
that  cyanogen  gas  is  readily  occluded  by  charcoal. 

It  is  to  be  regretted  that  the  investigation  did  not  also  cover  the  reac- 
tions of  silver  double  cyanides  under  similar  conditions.  Ores  are  known 
in  which  gold  is  readily  soluble  in  cyanide  whereas  the  associated  silver 
is  extracted  very  imperfectly.  Experiments  of  R.  K.  Cowles'  indicate 
that  the  cyanide  compounds  of  the  two  metals  show  some  diflference  in 
their  behavior  in  contact  with  carbonaceous  matter.  A  selective  pre- 
cipitation was  observed,  first  of  the  gold  and  later  of  the  silver. 

In  the  discussion  on  Feldtmann's  paper^  some  alternative  theories 
were  put  forward.  S.  J.  Speak  suggested  that  charcoal  and  the  schist 
in  question  both  probably  contain  oil,  which  may  be  the  active  pre- 
cipitating agent.  H.  K.  Picard  thought  the  phenomenon  might  be  due 
to  oxidation,  by  a  process  similar  to  that  occurring-  in  the  decolorization 
of  organic  matter  by  charcoal  or  platinum  black,  and  stated  that  cyanates 
are  alwa3rs  found  in  cyanide  solutions  after  contact  with  carbonaceous 
matter  of  the  kind  in  question.     He  suggested  the  reaction: 

NaAu(CN)2  +  O  -  AuCN  -h  NaCNO 

for  the  precipitation,  and  the  reaction: 

3AuCN  +  NaaS  =  NaCNS  -h  NaAu(CN)2  +  Auj 

for  the  re-solution  by  alkaline  sulphide,  but  admitted  that  it  is  difficult 
to  see  why,  if  the  gold  is  precipitated  as  AuCN,  it  does  not  readily  dis- 
solve in  cyanide.  Moreover,  if  the  precipitating  effect  is  due  to  oxida- 
tion, it  should  be  advantageous  to  prertreat  ores  of  this  class  with  a 
strong  reducing  agent,  but  Feldtmann's  experiments  do  not  bear  out 
this  view.  Picard,  however,  pointed  out  that  it  would  be  necessary, 
after  such  pretreatment,  to  prevent  the  carbonaceous  matter  from 
coming  in  contact  with  air  before  the  application  of  cyanide  solution. 

Several  speakers  threw  doubt  on  the  actual  occurrence  of  graphite 
in  the  West  African  schist.  Trewartha-James  doubted  the  theory  of 
adsorbed  gases  and  explained  the  phenomenon  by  "surface  energy  which 
produces  precipitation  by  purely  physical  means."  S.  J.  Truscott  pointed 
out  that  in  certain  Westralian  ores  roasting  did  not  completely  eliminate 
the  carbonaceous  matter  and  that  precipitation  effects  were  still  ob- 
served in  the  treatment  of  the  roasted  ore.  He  drew  an  analogy  between 
this  case  and  that  of  the  manganiferous  silver  ores  refractory  to  cyanide, 
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in  which  pretreatment  with  a  reducer  has  sometimes  proved  beneficial. 
F.  r .  Mennell  thought  that  the  association  of  this  precipitation  phenome- 
non with  carbon  was  purely  accidental  and  considered  that  other  porous 
material  might  be  expected  to  act  similarly,  the  chemical  composition 
of  the  porous  medium  having  nothing  to  do  with  the  effect. 

• 

Electrolytic  Regeneration  of  Cyanide 

Turning  now  to  another  field  of  investigation,  we  find  that  the  process 
introduced  a  few  years  ago  by  J.  C.  Clancy  has  stimulated  research  on 
the  effects  of  electrolysis  on  cyanide  solutions,  though  as  yet  the  results 
obtained  have  not  yielded  any  important  practical  benefits  in  ore  treat- 
ment. The  Clancy  process  mainly  depends  on  the  electrolysis  of  water 
and  the  secondary  reaction  of  the  nascent  oxygen  thus  produced  on  the 
thiocyanates  present  in  working  solutions,  which  are  converted  into 
cyanides  by  the  reaction : 

KCNS  +  2K0H  +  30  =  KCN  +  K2SO4  +  HjO 

Unfortunately,  when  the  concentration  of  KCN  in  the  solution  is 
greater  than  that  of  KCNS,  the  former  begins  to  be  attacked,  with  the 
formation  of  cyanate,  so  that  it  is  rarely  possible,  even  under  the  most 
favorable  circumstances,  to  "regenerate"  to  cyanide  more  than  half 
the  cyanogen  which  is  present  as  a  thiocyanate.  Ferrocyanides  are 
oxidized  to  some  extent,  by  a  similar  reaction,  but  the  conversion  to 
cyanide  is  even  less  complete. 

Other  difficulties  arise  in  connection  with  the  material  to  be  used 
as  an  anode  in  the  process;  all  ordinary  metals  are  rapidly  corroded  by 
the  violent  action  of  nascent  oxygen  at  high  current  density.  Peroxidized 
lead,  ''passive"  iron,  graphite,  and  fused  magnetite  were  found  to  be 
the  most  resistant  materials,  though  even  these  generally  disintegrate 
in  continued  use. 

In  the  course  of  some  studies  on  the  electrolysis  of  aqueous  solutions 
of  alkaline  cyanides,  E.  F.  Kern^  points  out  that  a  consumption  of 
cyanide  occurs  when  aqueous  solutions  are  electrolyzed  by  direct  current 
with  insoluble  anodes,  the  consumption  being  due  to  oxidation.  Anodes 
of  iron,  nickel,  and  lead  are  dissolved  and  immediately  precipitated, 
lead  as  hydroxide  and  tHe  other  metals  as  mixtures  of  hydroxides  and 
cyanogen  compounds.  The  consumption  of  cyanide  increases  with 
diminished  current  density;  at  a  high  current  density  oxygen  is  evolved 
and  less  metal  dissolved.  Anodes  of  peroxidized  lead  and  "passive'' 
iron  are  more  permanent  than  those  of  pure  metals,  and  are  not  cor- 
roded unless  exposed  to  the  air,  passive  iron  being  superior  to  peroxidized 
lead. 

In  the  electrolysis  of  cyanide  solutions  used  for  leaching  refractory 
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gold  and  silver  ores  containing  sulphides,  no  reduced  cyanide  consump- 
tion and  no  increased  extraction  were  observed,  as  compared  with  the 
treatment  of  the  same  ores  without  electrolysis.  I  have  had  a  similar 
experience.  When  a  low  current  density  at  anode  and  cathode  was 
used,  some  active  solvent  was  produced,  but  not  enough  to  compensate 
for  loss  in  electrolysis.  The  lower  the  current  density  at  the  anode 
and  the  higher  at  the  cathode,  the  greater  was  the  relative  cyanide 
consumption. 

When  solutions  containing  thiocyanates  or  ferrocyanides  were  elec- 
trolyzed,  the  loss  of  cyanide  was  greatly  diminished.  Increasing  al- 
kalinity also  reduced  loss  of  cyanide  by  increasing  conductivity. 
Peroxidized  lead  and  passive  iron  anodes  were  corroded  in  presence  of 
thiocyanates  at  current  densities  above  32  amperes  per  square  meter. 

G.  H.  Clevenger  and  M.  L.  Hall^  also  find  that  most  of  the  decom- 
position of  cyanide  during  electrolysis  is  due  to  oxygen  liberated  at  the 
anode  by  decomposition  of  water.  The  final  reaction  results  in  the  for- 
mation of  carbonates,  and  when  calcium  salts  are  present,  as  is  usually 
the  case  in  solutions  used  for  ore  treatment,  there  is  a  precipitation  of 
calcium  carbonate.  In  some  cases  the  latter  might  actually  interfere 
with  extraction  by  coating  the  ore  particles. 

On  the  whole,  the  results  obtained  by  different  investigators  do  not 
encourage  the  expectations  entertained  a  few  years  ago  that  electrolysis 
will  be  of  material  benefit  in  the  treatment  of  refractory  ores  by  cyanide. 

Effect  of  Mineral  Ingredients  in  Water  on  Cyanide  Consumption 

Studies  on  this  subject  have  recently  been  made  by  Thomas  B. 
Stevens  and  W.  S.  Bradley^  chiefly  relating  to  the  cyanicide  effects  of 
calcium  and  magnesium  salts.  They  find  that  the  common  opinion 
with  regard  to  the  action  of  magnesium  salts  requires  modification.  It 
is  known  that  these  salts  act  as  cyanicides  by  reactions  such  as 

MgS04  +  KCN  +  2H2O  =  Mg(0H)2  +  HCN  +  KHSO4 

and  it  is  considered  that  Mg(0H)2  is  useless  as  protective  alkali  owing 
to  its  insolubility.  These  writers  find,  however,  that  its  presence  prevents 
any  lime  in  solution  being  converted  into  CaCOs  by  atmospheric  or 
dissolved  CO2,  by  reason  of  the  reaction 

Mg(0H)2  +  CO2  =  MgCOs  +  H2O 

The  Mg(0H)2  thus  acts  as  a  secondary  protective  alkali  by  allowing  the 
lime  to  exert  its  full  efficiency  toward  cyanicides  present  in  the  ore. 

Another  point  noted  by  these  writers,  but  not  hitherto  recognized, 
is  the  considerable  solubility  of  calcium  sulphate  in  cyanide  solutions. 
Calcium  sulphate  and  magnesium  hydrate,  though  practically  insoluble 
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in  water,  are  appreciably  soluble  in  the  presence  of  sodium  chloride,  a 
matter  of  importance  in  the  case  of  the  highly  saline  water  sometimes  used 
in  Western  Australia  for  making  up  solutions.  It  was  found  that  the 
mixing  of  comparatively  fresh  water  with  solutions  made  from  salt  water, 
and  consequently  highly  charged  with  calcium  and  magnesium  salts 
dissolved  in  NaCl,  results  in  the  precipitation  of  CaSOi  and  Mg(0H)2. 
These  deposits  are  injurious,  as  they  coat  the  zinc  and  cause  bad  precipi- 
tation of  the  precious  metals;  but  they  are  soluble  in  strong  cyanide  or 
in  ammonium  chloride. 

Various  salts  contained  in  the  water  used  for  making  up  solutions 
were  found  to  act  as  cyanicides,  the  order  of  destructiveness  being  as 
follows:  Ca(HC03)2,  MgSOi,  CaSO*,  MgCU,  CaCU.  The  calcium  bi- 
carbonate acts  much  more  rapidly  than  the  other. compounds.  A  test 
made  by  boiling  the  water  in  a  reflux  condenser,  so  as  to  expel  COj  with- 
out reducing  volume,  and  then  filtering  oflf  the  precipitated  CaCOj, 
showed  that  water  thus  treated  had  a  greatly  reduced  cyanicide  effect. 
When  water  containing  calcium  bicarbonate  is  used  without  previously 
being  made  alkaline  or  boiled,  the  reaction  is  as  follows: 

CaCHCOs)^  +  2KCN  =  CaCOs  +  KjCO,  +  2HCN 

the  cyanide  acting  as  a  softening  agent  in  a  similar  manner  to  lime; 
compare: 

Ca(HC0s)2  +  Ca(0H)2  =  2CaC08  +  2H2O 

This  reaction  is  the  principal  cause  of  the  hardening  of  filter  cloths, 
which  occurs  when  a  filter  saturated  with  alkaline  solution  is  washed  with 
"fresh"  water  containing  calcium  salts. 

The  action  of  magnesium  salts  is  much  slower,  and  results  in  the 
gradual  precipitation  of  Mg(OH)s.  Dissolved  magnesium  salts  cannot 
co-exist  with  protective  alkali  even  in  the  presence  of  much  sodium 
chloride. 

Part  II.  Advances  in  the  Manufacture  of  Cyanogen 

Compounds 

Fixation  of  Atmospheric  Nitrogen 

Much  activity  has  been  shown  of  late  in  the  study  of  methods  for 
the  fixation  of  atmospheric  nitrogen,  and  a  number  of  products  are  now 
made  on  a  large  scale  both  for  direct  use  and  as  a  basis  for  the  production 
of  other  nitrogenous  substances.  The  most  remarkable  development 
has  been  in  the  manufacture  of  calcium  cyanamide,  CaCN2.  Impure 
commercial  products  consisting  mainly  of  this  substance  are  now  ex- 
tensively used  as  fertilizers  under  the  names  of  "lime  nitrogen"  and 
"nitrolim."  Alkali  cyanides  and  other  cyanogen  compounds  are  ob- 
tained by  further  treatment  of  cyanamides  in  a  variety  of  ways.    Other 
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processes  are  used  to  transform  eyanamide  into  ammonia,  ammonium 
salts,  and  other  nitrogenous  compoxmds  of  commercial  value. 

The  earlier  attempts  at  the  fixation  of  atmospheric  nitrogen  were 
mostly  based  on  the  reactions  taking  place  between  barium  oxide,  carbon, 
and  nitrogen  at  high  temperatures.  An  important  investigation  of 
this  process  has  been  published  by  Thomas  Ewan  and  Thomas  Napier,^ 
who  summarize  the  chief  data  obtained  by  previous  investigators  in  this 
field.  The  formation  of  cyanides  from  a  mixture  of  BaO,  C,  and  N  re- 
quires a  minimum  temperature  of  1,200°  C,  but  proceeds  best  at  1,400° 
C,  when  40  per  cent,  of  the  Ba  may  be  cyanized.  Hempel  (1890)  showed 
that  the  percentage  of  Ba  cyanized  may  be  increased  by  pressure.  Read- 
man  (1894)  applied  the  electric  furnace  for  this  process,  which  has  been 
carried  out  on  a  large  scale  by  the  Scottish  Cyanide  Co.  Frank  and 
Caro  showed  (1898)  that  a  large  part  of  the  nitrogen  is  fixed  in  the  form 
of  barium  eyanamide,  BaCNa.  Caro  also  found  (1907)  that  the  addi- 
tion of  alkali  and  alkaline  earth  fluorides  accelerates  the  reaction,  and 
enables  it  to  proceed  at  temperatures  of  900°  to  1,100°  C.  Snodgrass 
(1907)  showed  that  potassium  carbonate  has  a  similar  action. 

Ewan  and  Napier  (1909)  studied  the  action  of  catalysts  to  obtain 
the  reaction  at  lower  temperatures.  In  their  first  experiments,  mixtures 
of  barium  carbonate  and  charcoal  were  placed  in  an  iron  boat  in  a  por- 
celain tube,  and  heated  in  a  current  of  dry  nitrogen.  The  products 
finally  obtained  were  barium  cyanide  Ba(CN)2,  barium  eyanamide 
BaCN2,  carbon  monoxide  CO,  and  unaltered  BaCOs,  C,  and  N.  The 
following  reactions  are  supposed  to  occur: 

BaO  +  2C  +  Na  *=i  BaCNa  +  CO 
BaO  +  3C  +  Na  ?=±  Ba(CN)2  +  CO 

They  summarize  their  results  as  follows: 

(1)  Absorption  of  nitrogen  begins  at  900°  to  930°  C. 

(2)  The  amount  absorbed  increases  rapidly  from  1  per  cent.  Ba 
combined  at  930°  to  40  per  cent,  at  1,000°,  in  tests  made  under  the  con- 
ditions that  four  molecules  of  N  act  on  one  molecule  of  BaCOa  for  a 
period  of  2  hr. 

(3)  The  greater  part  of  the  nitrogen  is  fixed  as  cyanide  Ba(CN)2 
and  not  as  eyanamide.  When  calcium  is  used  in  place  of  barium,  the 
nitrogen  is  fixed  almost  exclusively  as  eyanamide,  CaCNa. 

(4)  At  960°  about  23^  per  cent,  of  the  nitrogen  is  fixed;  at  1,000° 
about  10  per  cent. 

(5)  Addition  of  K2CO8  seems  to  improve  the  result,  but  the  difference 
obtained  falls  within  the  limits  of  error  in  estimating  temperatures. 

(6)  No  cyanide  is  produced  until  about  30  per  cent,  of  the  BaCOa 
is  converted  into  BaO,  and  imtil  the  percentage  of  CO  has  fallen  to  30. 

It  is  commonly  supposed  that  barium  carbide  (BaC2)  is  formed  as 
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an  intermediate  product,  but  Ewan  and  Napier  find  no  evidence  of  this. 
From  theoretical  considerations  BaC2  could  not  be  formed  at  all  in 
presence  of  mixtures  of  CO  and  N  from  which  N  is  freely  absorbed  by 
BaO  and  C.  It  is  probable,  however,  that  when  calcium  is  used  instead 
of  barium  the  reaction,* 

CaCj  +  CO  ^  CaO  +  3C 

is  a  necessary  intermediary. 

Cyanid  Gesellschaft*  reports  that  nitrogen  has  no  action  on  a  mixture 
of  CaO  and  C  at  1,100°,  and  that  the  reaction  CaO  +  2C  +  N2  =  CaCNj 
+  CO  takes  place  best  at  2,000°.  At  this  temperature  nearly  all  the 
nitrogen  is  absorbed. 

K.  Kaiser^®  observes  that  if  barium  oxide  or  carbonate,  intimately 
mixed  with  carbon,  be  heated  to  900°  to  1,400°  C.  and  allowed  to  cool 
in  a  dry  atmosphere  of  nitrogen  under  pressure,  as  much  as  90  to  95 
per  cent,  of  the  theoretical  amount  of  nitrogen  combines  with  the  barium. 

A  French  patent  of  1913^^  describes  a  method  of  carrying  out  the 
reaction  between  barium  carbonate,  carbon,  and  nitrogen  in  an  electric 
furnace.  Tar  is  used  as  binding  material  for  the  ingredients;  these  are 
molded  into  balls  and  part  of  the  tar  recovered  by  distillation.  The 
residue  is  then  heated  to  1,600°  C.  in  the  electric  furnace  and  acted  on 
by  "producer  gas''  or  other  gas  containing  nitrogen,  to  form  barium 
cyanide.  The  electrodes  consist  of  two  rings  of  carbon  placed  at  the 
ends  of  the  middle  reaction  zone  of  an  inclined  cylindrical  furnace;  the 
fused  mass  serves  to  conduct  the  current. .  Barium  oxide  may  be  re- 
generated by  decomposing  the  barium  cyanide  by  means  of  steam: 

BaCCN)2  +  3H2O  =  BaO  +  2NH3  +  2C0 

When  calcium  is  used  instead  of  barium  as  the  vehicle  for  the  fixation  of 
nitrogen,  it  was  found  by  Barzano  and  Zanardo^^  that  the  yield  of  calcium 
cyanamide  is  increased  by  mixing  calcium  carbide  with  sufficient  calcium 
cy anamide  from  a  previous  operation  to  form  a  friable  mass,  before  sub- 
jecting  it  to  the  action  of  nitrogen. 

The  manufacture  of  cyanamide  by  the  process  of  Frank  and  Care  is 
carried  out  on  a  large  scale  at  the  works  of  the  American  Cyanamid 
Co.,  Niagara  Falls,  Ont.  Nitrogen  is  obtained  by  passing  air  over  heated 
copper.  The  copper  oxide  thus  formed  is  again  reduced  by  the  action, 
of  natural  gas,  so  that  it  may  be  used  repeatedly.  Operations  began  in 
January,  1910,  with  a  10,000-ton  plant,  which  has  since  been  largely 
extended. 

Cyanides  and  cyanamides  of  the  alkali  metals  may  be  produced  with- 
out the  preliminary  formation  of  a  calcium  or  barium  compound.  E.  A. 
Ashcroft'^  proposes  to  do  this  by  using  an  alloy  of  the  alkali  metal  with 
some  heavy  metal  such  as  lead,  and  first  fusing  this  with  a  portion  of  the 
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product  sought  (e.g.,  NaCN  or  Na2CN2)  at  about  600**  C,  to  separate  the 
alkali  from  the  heavy  metal.  The  resulting  melt,  freed  from  the  heavy 
metal,  is  now  caused  to  react  with  cyanogen  or  a  substance  yielding 
cyanogen,  with  or  without  electrolysis  of  the  melt. 

Conversion  of  Cyanamides  into  Cyanides^  Etc. 

We  must  now  mention  some  of  the  recently  proposed  methods  for 
converting  calcium  cyanamide  into  cyanides  or  other  nitrogenous  sub- 
stances of  commercial  value.  These  may  be  roughly  classified  as  fusion 
methods  and  wet  methods. 

Among  the  former,  probably  the  best  known  is  that  of  Erlwein  and 
Frank^*  by  which  the  crude  calcium  cyanamide  is  converted  into  a  product 
containing  the  equivalent  of  25  to  30  per  cent.  KCN,  by  fusing  with 
carbon  and  common  salt.  Careful  regulation  of  the  temperature  appears 
to  be  necessary.  I  have  found  that  the  process  is  not  easily  imitated 
in  laboratory  experiments.  The  product  has  been  placed  on  the  market 
under  the  name  of  '^surrogat."  For  extraction  of  precious  metals,  it 
appears  to  be  as  effective,  per  unit  of  cyanogen  contained,  as  ordinary 
sodium  cyanide.  It  requires,  however,  to  be  digested  with  water  and 
the  insoluble  carbonaceous  residue  filtered  off  before  use. 

J.  C.  Clancy^*  proposes  to  heat,  calcium  cyanamide  with  its  own  weight 
of  a  mixture  of  equal  parts  of  sodium  sulphide  and  chloride  in  presence 
of  carbonaceous  matter. 

E.  E.  Naef  *^  treats  crude  calcium  cyanamide  at  a  temperature  of  300° 
to  500**  C.  with  sulphur  or  a  substance  yielding  sulphur: 

2CaCN2  +  S  =  CaS  +  Ca(CN)2  +  N2 

The  product  is  then  stirred  with  water  and  filtered  from  the  residue 
of  CaS  +  C.  The  filtrate  is  boiled  gently  with  zinc  dust,  and  the  zinc 
cyanide  formed  converted  into  alkali  cyanide  by  known  methods. 

Calcium  cyanamide  may  be  used  as  a  source  of  ammonia  by  acting  on 
it  with  steam  under  pressure  at  a  temperature  of  170°  C,  using  an  agitator 
to  prevent  formation  of  lumps.  C.  Manuelli*^  observes  that  under  favor- 
able conditions  nearly  theoretical  yields  of  ammonia  can  be  obtained  at 
a  cost  of  about  1.7c.  per  pound  of  nitrogen  utilized.  Another  method 
(E.  E.  Naef )  *^  is  to  pass  a  current  of  dry  hydrogen,  either  alone  or  mixed 
with  CO2,  CO,  or  N,  at  ordinary  or  higher  pressure,  over  a  heated  mass  of 
calcium  cyanamide. 

The  wet  methods  are  based  on  the  fact  that  cyanamide  compounds, 
such  as  CaCNa,  are  transformed  by  water  into  the  sparingly  soluble 
crystallizable  salt  dicyandiamide  (CN-NH2)2.  At  a  temperature  of  13°  to 
14°  C.  about  90  per  cent,  of  the  nitrogen  of  calcium  cyanamide  may  be 
dissolved  in  25  times  its  weight  of  water,  in  8  hr.,  the  extraction  proceed- 
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ing  rapidly  at  first,  but  very  slowly  later  (C.  Manuelli)^^.  Various  salts 
of  dicyandiamide  may  be  prepared  by  digesting  the  substance  in  presence 
of  acids  with  the  oxides  of  the  metals  whose  salts  are  required.  The 
polymerization  of  cyanamide  in  aqueous  solution  is  promoted  by  addi- 
tion of  fixed  alkalies  or  ammonia.  According  to  Grube  and  Kruger," 
the  reaction  appears  to  be  due  to  the  union  of  undissociated  cyanamide 
(CN-NH2)  with  cyanamide  ions  (CN-NH)',  to  form  monobasic  dicyan- 
diamide ions  H-(CNNH)'2,  presumably  in  the  following  stages: 

(a)  Formation  of  cyanamide  by  hydrolysis  of  calcium  cyanamide: 

CaCN,  +  2H2O  =  Ca(0H)2  +  CNNH2 

(6)  Dissociation  of  a  part  of  the  cyanamide: 

CNNH2  =  H'  +  (CNNH)' 

(c)  Combination  of  dissociated  with  undissociated  cyanamide : 

(CNNH)'  +  CN-NH2  =  H(CN-NH)2' 

(d)  Formation  of  dicyandiamide: 

H(CN-NH)2'  +  H'  =  (CN-NH2)2 

It  is  found  that  at  a  given  concentration  of  total  cyanamide,  poly- 
merization proceeds  most  rapidly  when  the  concentrations  of  cyanamide 
and  of  dissociated  cyanamide  ions  are  equal. 

For  the  preparation  of  dicyandiamide  from  commercial  calcium 
cyanamide,  the  addition  of  a  foreign  base  is  unnecessary;  the  conversion 
may  be  brought  about  by  precipitating  the  lime  at  intervals  so  as  to  main- 
tain approximately  equal  concentrations  of  CN-NH2  and  (CNNH)'. 

Alkali  salts  of  dicyandiamide  are  produced  by  heating  the  substance 
with  caustic  alkalies  in  presence  of  an  absorbent  of  water:*® 

4NaOH  +  (CNNH2)2  =  (CN-NNa2)2  +  4H2O 

If  the  water  is  not  absorbed,  part  of  it  reacts  with  the  melt  thus: 

NajCNa  +  3H2O  =  NaaCOa  +  2NH3 

The  absorbents  used  are  alkali  or  alkaline  earth  metals  or  their  oxides, 
amides,  nitrides,  carbides  or  alloys. 

Dicyandiamide  is  converted  into  cyanide  by  fusing  with  alkaline 
carbonates  and  carbon: 

(CNNHa)^  +  NaaCOs  +  2C  =  2NaCN  +  NH,  +  N  +  H  +  3C0 

or  it  may  be  converted  into  a  variety  of  nitrogenous  products  suitable  for 
manures,  explosives,  etc. 

The  conversion  of  cyanamide  into  dicyandiamide  may  also  be 
brought  about  by  heating  its  solution   with  a  catalytic  agent.     H. 
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Immendorf  and  H.  Kappen*^  propose  to  carry  out  this  process  by  means 
of  ferric  oxide  or  hydrate,  manganous  or  manganic  oxides  or  their  hy- 
drates, stannic  acid,  chromic  oxide  or  hydrate,  hydrated  silicic  acid  or 
similar  substances.  The  products  obtained  are  ammonia,  urea,  and 
dicyandiamide.  During  the  process  the  catalyst  absorbs  jthe  bases  lib- 
erated and  loses  its  efficiency.  This  may  be  restored  by  treatment  with 
acid  or  with  water.  Commercial  calcium  cyanamide  contains  calcium 
chloride,  which  hinders  the  separation  of  urea  and  dicyandiamide.  This 
difficulty  may  be  avoided  by  converting  the  calcium  chloride  into  sul- 
phate or  carbonate,  which  may  be  separated  by  reason  of  their  in- 
solubility in  alcohol. 

H.  Kappen'^  obtains  thiourea  by  treating  dilute  aqueous  solutions 
of  cyanamide  with  hydrogen  sulphide  at  high  temperatures,  in  closed 
vessels  under  pressure.  The  addition  of  acid  and  alkaline  reagents  and 
of  soluble  compounds  of  arsenic,  antimony,  or  tin  increases  the  efficiency 
of  the  process. 

Production  of  Cyanogen  Compounds  from  Nitrogenous  Gases  by  Catalysis 

and  Otherwise 

Another  method  for  the  manufacture  of  cyanides  and  related  com- 
pounds, which  has  been  largely  developed  of  late  years,  consists  in  the 
combination,  under  suitable  conditions,  of  volatile  carbon  and  nitrogen 
compoimds.  Usually  this  takes  place  at  a  high  temperature  under  the 
influence  of  a  "catalyst,"  i.e.,  of  some  substance  which  does  not  undergo 
any  permanent  chemical  change  in  the  process. 

It  has  long  been  known  that  hydrocyanic  acid  or  ammonium  cyanide 
could  be  produced  by  passing  mixtures  of  carboniferous  and  nitrogenous 
gases  over  heated  platinized  pumice,  as  for  example  in  Woltereck's 
process:*' 

CO  +  NHs  =  HCN  +  H2O 

C.  Beindl^^  proposes  to  form  hydrocyanic  acid  and  cyanogen  com- 
pounds by  catalytic  combination  of  gaseous  and  volatile  carbon  com- 
pounds with  gaseous  and  volatile  nitrogen  compounds,  by  the  use  of  a 
contact  material  consisting  of  a  metallic  oxide  or  a  mixture  of  metallic 
oxides.  The  gaseous  mixture  should  contain  not  more  than  7  volumes 
of  the  carbon  compound  to  1  volume  of  the  nitrogen  compound.  It  is 
claimed  that  oxides  of  metals  of  the  iron  group  have  the  property  of 
inducing  the  rapid  formation  of  hydrocyanic  acid  at  relatively  low 
temperatures,  from  dry  mixtures  of  these  gases. 

It  has  been  found**  that  the  yield  is  increased  by  introducing  into  the 
arc  of  an  electric  furnace  the  vapors  of  metals  and  metallic  compounds, 
such  as  those  of  copper  or  iron  and  their  salts. 

W.  Moldenhauer  and  0.  Wehrheim*^  describe  a  method  by  which 
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nitric  oxide  can  be  obtained  by  catalytic  combustion  of  cyanogen  com- 
pounds. Ammonia  may  also  be  used  as  the  source  of  nitrogen,  but 
the  yield  of  nitric  oxide  is  less  than  with  cyanogen,  and  more  attention 
must  be  paid  to  the  condition  of  the  catalyst  and  time  of  contact  with  it. 

J.  E.  Bucjier^^  proposes  to  produce  alkali  cyanides  by  the  action  of 
atmospheric  nitrogen  on  alkali  carbonate  and  carbon  dissolved  in  iron, 
the  iron  acting  as  a  catalytic  agent.  The  alkali  cyanide  formed  is 
removed  from  the  reaction  zone  by  distillation  under  diminished  pressure. 

The  Deutsche  Gold  und  Silber  Scheide  Anstalt*^  propose  to  pass  gaseous 
mixtures  containing  nitrogen  obtained  by  heating  certain  waste  products 
such  as  "vinasses*^  through  highly  heated  conduits  lined  with  refractory 
material  such  as  Dinas  brick,  fused  quartz,  or  a  fused  mixture  of  zirconia 
and  quartz  which  remains  gas-tight  and  non-porous  at  the  high  tem- 
perature employed.  It  is  said  that  practically  the  whole  of  the  nitrogen 
is  obtained  in  the  forms  of  HCN  and  NHa,  the  relative  proportions  of 
these  varying  with  the  raw  material  used. 

In  the  process  of  Barzano  and  Zanardo*^  a  mixture  of  nitrogen  (say  60 
per  cent.),  hydrogen  (32  per  cent.),  and  hydrocarbons  (6  per  cent.)  is  raised 
to  a  high  temperature,  for  example  in  the  electric  arc,  and  hydrocyanic 
acid  absorbed  by  circulating  the  issuing  gases  through  cooling  and  absorp- 
tion apparatus.  Sufficient  nitrogen  is  added  to  maintain,  with  the  hydro- 
gen liberated,  the  concentration  of  these  gases  most  favorable  to  the 
reaction. 

Catalysis  may  be  employed  for  the  production  of  ammonia,  not  only 
from  gaseous  mixtures  but  also  from  solid  organic  nitrogenous  compounds. 
F.  Schreiber'^  proposes  to  act  on  the  latter  with  contact  masses  containing 
hydrated  iron  oxide  at  temperatures  below  red  heat.  It  is  claimed  that 
as  much  as  80  per  cent,  of  the  nitrogen  in  pyridine  and  in  cyanogen  salts 
may  be  thus  converted  into  ammonia,  while  ordinary  destructive  distilla- 
tion yields  not  more  than  20  per  cent. 

Production  of  Cyanogen  Compounds  from  Gaseous  Mixtures  by  Absorption 

tcith.a  Metallic  Salt 

The  cyanogen  contained  in  crude  illuminating  gas  has  for  some  years 
been  utilized  as  a  source  of  cyanides  and  cyanogen  compounds  on  a  com- 
mercial scale,  as  in  the  methods  of  Rowland'^  and  Bueb.^^ 

L.  Bergfeld'^  uses  as  purifying  material  dehydrated  copper  sulphate, 
or  a  mixture  of  salts,  e.g.y  alkaline  earth  sulphates  or  chlorides,  which 
combine  with  NHs  but  not  with  H2S,  with  metallic  oxides  capable  of 
combining  with  H2S.  The  mixture  is  treated  with  ammonia  gas  before 
use.     The  reaction  is  of  the  type: 

H2S  +  NH3  +  CiiS().rNHa  =  Ciiti  +  (NH.O2SO4 
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At  the  same  time  some  SO2  (which  is  fixed  by  the  purifying  material) 
and  sulphur  are  also  formed,  thus: 

SO3  +  H2S  =  H2O  +  SO2  +  S 

When  the  purifying  material  is  exhausted  it  is  heated,  with  regulated 
access  of  air,  and  ammonia  liberated  as  follows: 

CaS  +  (NH4)2S04  +  30  =  CaS04  +  SO2  +  H2O  +  2NH3 
SO2  +  2NH8  +  2H2O  =  (NH4)2S03H20 

By  gentle  warming  in  presence  of  air,  the  ammonium  sulphite  de- 
posited is  rapidly  oxidized  to  sulphate. 

Cyanogen  in  the  crude  gas  is  fixed  by  the  purifying  material  as  cuprous 
ammonium  cyanide.  On  heating  with  air  this  yields  NH3  and  CO2, 
any  thiocyanate  giving  NH3,  CO2  and  SO2.  After  passing  the  purifying 
material  the  coal  gas  may  be  further  purified  by  leading  it  over  alkali 
or  alkaline  earth  sulphides,  and  if  necessary  over  sodium  amalgam. 

C.  A.  Bergh'*  uses  a  solution  of  a  zinc  salt,  containing  also  ferrous 
chloride,  as  an  absorbent.  The  free  acid  formed  is  neutralized,  and  zinc 
sulphide  and  cyanide  are  precipitated,  by  addition  of  calcium  carbonate, 
or  some  other  sparingly  soluble  substance.  This  is  added  in  quantity 
corresponding  to  the  amount  of  H2S  and  CN  present.  Iron  remains 
in  solution.  By  this  method  zinc  is  separated  from  iron  and  H2S  from 
CN  by  a  single  operation. 

W.  H.  Coleman^*  passes  coke-oven  or  other  gases  containing  hydro- 
cyanic acid  through  a  tower  packed  with  lumps  of  ferrous  iron  ore.  A 
solution  of  sodium  carbonate,  or  other  suitable  alkaline  absorbent  in 
solution  or  suspension,  is  circulated  through  the  tower,  and  the  resulting 
alkali  or  alkaline-earth  ferrocyanide  liquor  is  treated  for  recovery  of 
the  ferrocyanide. 
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The  Control  of  Chill  in  Cast  Iron.    Con^dering  the  Elements  Effective  in 
the  Manufacture  of  Malleable  Castings  and  Chilled  Car  Wheels 

BY    QBAfTON    K.    THKASHBB,  *    MICHIQAN    CtTT,    IND. 
(New  York  MeeUna.  February.  19IS) 

For  the  proper  discussion  of  this  subject  it  ia  necessary  to  incor- 
porate in  this  paper  the  substance  of  part  of  an  article  published  by  me  in 
Metallurgical  and  Chemical  Engineering  for  January,  1915. 


E^o,  1. — Oabt-Ikon  Tbbt  Pluo,  shotino  Low-Mottlbd  and  Mottled  Feactobbb. 

Several  years  ago,  while  I  was  chief  chemist  for  a  malteable-iron 
company,  it  occurred  to  me  that  the  mere  regulation  of  silicon  was  not 
sufficient  to  produce  the  desired  degree  of  chill.  But  only  after  re- 
peatedly encountering  this  fact  in  both  open-hearth  and  air-furnace,  as 
well  as  cupola  metal,  was  I  led  to  regard  variation  in  the  total  carbon 
as  the  principal  cause  of  disturbance;  and  I  resolved  to  determine  the  total 
carbon  as  well  as  the  silicon  in  every  heat,  and  by  a  carefully  prepared 
teat  piece  to  gauge  the  approximate  degree  of  chill.  The  test  piece 
selected  was  a  round  plug,  2  in.  in  diameter  and  12  in.  long,  cast  on  end 

*  Chief  Chemist  and  Metalluigut,  Haskell  &  Barker  Car  Co. 
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in  green  sand.  It  was  allowed  to  cool  at  least  2  hr.  in  the  mold  before 
being  cooled  in  water  and  broken  in  the  middle;  and  the  fractures  were 
des^nated  as  gray,  low  mottled,  mottled,  high  mottled,  and  white.  All 
these  fractures  except  the  well-known  gray  one  are  illustrated  in  Figs. 
1  and  2.  From  the  same  ladle  of  iron  from  which  the  test  piece  was 
poured  a  shot  sample  was  taken  for  analysis  so  as  to  represent  the  actual 
iron  in  the  bar  as  near  as  possible;  and  the  test  in  all  cases  was  poured 
from  iron  taken  from  the  furnace  when  about  half  emptied. 

It  may  be  well  to  mention  here  that  the  prindpal  disturbing  in- 
fluence on  these  tests  is  the  fact  (proved  by  experiment)  that  it  is  en- 
tirely possible  to  pour  a  mottled  test  and  a  gray  test  from  the  same  ladle 
of  iron,  depending  upon  the  pouring  temperature. 

In  order  to  study  the  cause  of  the  variations  more  systematically  a 


Fio.  2. — Cast-Iron  Test  Plco,  showinq  Hioh-Mottlbd  and  White  Fbactubbb. 

chart  was  prepared  for  plotting  the  analyses  with  carbon  as  ordinates 
and  silicon  as  abscissae.  It  soon  became  apparent  that  the  analyses  cor- 
responding to  the  test  piece  with  average  chill,  designated  as  "mottled," 
were  arranged  along  a  diagonal  line  on  the  chart,  with  analyses  cor- 
responding to  high  and  low  chill  at  a  more  or  less  definite  distance  on 
either  side  of  the  line.  It  happened  that  about  that  time  a  heat  had 
to  be  held  pretty  long  in  the  furnace  on  account  of  a  breakdown,  and 
it  became  necessary  to  doctor  it  up  with  50  per  cent,  ferro-silicon  to 
get  the  metal  into  pouring  condition.  The  test  piece  from  this  heat  was 
found  to  be  just  normal  or  what  is  designated  above  as  "mottled," 
and  the  corresponding  analysis  was  silicon  1.07  and  carbon  2,47  per 
cent.,  which  served  admirably  for  one  extreme  of  the  chill  line  as  drawn 
on  the  chart.     Something  to  represent  the  other  extreme  was  found  in  a 


THE   CONTROL   OP   CHILL   IN   CAST   IRON 


2131 


pig  of  charcoal  iron  of  the  same  dimensions  as  the  test  piece  and  having 
the  proper  degree  of  chill. 

More  recently  I  have  obtained  data  for  a  new  high-silicon  point  in 
which  the  analysis  was,  silicon  1.25,  carbon  2.25  per  cent. 

The  chart  as  finally  constructed  i^  shown  in  Fig.  3. 

As  the  manganese  in  all  of  these  heats  ranged  between  0.25  and  0.35 
per  cent.,  which  is  normal  for  air-furnace  malleable,  and  as  sulphur  aver- 
aged about  0.06  per  cent.,  it  will  be  seen  that  these  elements  interfered 
but  little  with  the  results.  The  phosphorus,  of  course,  was  between 
0.13  and  0.18  per  cent,  and  likewise  had  very  little  influence. 

In  examining  the  chart  it  will  be  noted  that  while  the  line  tends 
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carbon,  per  cent. 
Fig.  3. — Lines  op  Equal  Natural  Chill. 


to  curve  somewhat,  yet  it  is  suflSciently  straight  through  the  usual 
range  of  analyses  to  permit  the  assumption  for  practical  purposes  that 
4  points  of  carbon  are  equivalent  to  3  points  of  silicon  in  the  regulation 
of  chill,  when  the  silicon  is  above  0.70  per  cent.;  and  that  below  this 
about  2  points  carbon  are  equivalent  to  1  point  silicon. 

The  value  of  this  knowledge  will  be  at  once  apparent  to  a  malleable- 
iron  foundryman,  as  it  enables  him  to  substitute  large  quantities  of  low- 
carbon  material  for  his  sprue  in  case  of  shortage  of  that  material,  thus: 

It  is  desired  to  substitute  steel  containing  silicon  0.10  and  carbon 
0.30  per  cent,  for  1,000  lb.  of  sprue  containing  silicon  0.80  and  carbon 
2.80  per  cent. 
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Equivalent  deficiency  of  silicon  in  the  steel 
due  to  low  carbon  =  (2.80  -  0.30)  X  %  X 

1,000 =  18.7  lb. 

Silicon  deficiency  =  (0.80  -  0.10  X  1,000  =    7.0 

Total  equivalent  silicon  deficiency 25.7 

Therefore,  it  is  necessary  to  increase  the  silicon  in  the  mixture  25.7 
lb.  by  substituting  higher-silicon  pig  iron. 

The  popular  conception  of  malleable  iron  accepts  the  limits  of  0.60 
to  0.90  per  cent,  in  silicon,  with  a  very  indefinite  notion  as  to  what  the 
carbon  content  in  the  hard  state  should  be;  but  a  careful  examination  of 
this  chart  will  show  that  for  a  given  silicon  percentage  there  is  a  definite 
carbon  percentage,  which  is  proper  for  each  class  of  castings. 

In  order  to  prevent  cracked  work  and  for  other  economic  reasons, 
the  malleable-iron  foundryman  nms  his  mixture  as  nearly  gray  as  he 
dares,  but  if  he  desires  to  produce  a  very  strong  iron  the  presence  of 
primary  graphite  in  the  hard  iron  must  be  avoided  by  lowering  either 
the  silicon  or  the  carbon  or  both. 

As  to  malleable  iron  produced  with  the  same  average  chill  but  with 
varying  analyses,  it  will  be  found  that  the  high-silicon,  low^arbon  mix- 
ture is  more  soimd  and  reliable,  but  possibly  a  little  less  fluid,  while  the 
high-carbon,  low-silicon  mixture  is  subject  to  greater  shrinkage  and 
segregation,  which  produce  weakness. 

The  principal  consideration  for  the  foundryman  is  to  produce  that 
type  of  structure  which  is  necessary  to  obtain  malleability  upon  anneal- 
ing; and  the  chart  shows  the  proper  adjustment  of  silicon  and  carbon 
to  bring  about  this  desired  result  for  the  different  grades  of  work. 

It  will  be  further  noted  that,  of  the  three  factors  considered,  namely, 
silicon  and  carbon  content,  and  chill,  if  any  two  be  known  the  other  may 
be  predicted  approximately. 

Malleable  iron  produced  from  the  cupola  is  pretty  well  confined  to 
the  dotted  circle  shown  on  the  chart.  Its  proximity  to  gray  iron,  as 
well  as  its  position  in  the  field  of  greater  shrinkage,  will  account  for  its 
weakness,  which  is  not  due  as  popularly  supposed  to  the  higher  sulphur 
content.  As  the  carbon  is  automatically  adjusted  within  this  range  by 
melting  in  the  cupola,  the  regulation  of  chill  must  be  effected  by  siUcon 
alone.  It  is  not  feasible,  however,  to  run  a  mixture  lower  than  0.50  per 
cent,  in  silicon  because  the  cutting  action  of  the  slag  thus  produced  is  very 
hard  on  cupola  linings.  Good  malleable  castings  are  produced  along  the 
whole  length  of  the  charted  lines;  but  the  average  foundryman,  with 
his  Umited  knowledge  of  conditions  to  be  met  in  another  foundry, 
cannot  see  how  the  other  party  makes  a  certain  casting  with  0.90  silicon 
while  he  finds  it  necessary  to  make  it  with  0.60  silicon.  It  is  hoped  that 
the  pubUcation  of  this  chart  will  clarify  the  matter.     The  Imes  here 
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given  have  been  confirmed  by  plotting  hundreds  of  analyses  of  mixtures 
of  known  chill  and  normal  pouring  temperature  and  the  chart  has  been 
found  a  valuable  aid  in  practical  work. 

Regarding  the  strength  of  malleable  iron  produced  from  irons  of 
varying  degree  of  chill,  the  following  data,  charted  in  Fig.  4,  from' test 
bars  poured  every  other  day  for  two  weeks,  will  give  a  good  idea  of  the 
effect  of  this  factor: 
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Fig.  4. — Analyses  op  Babs,  Tested  fob  Tensile  Strength. 


Bar  No. 


Tensile  Strength, 

Founda  per  Square 

Inch 


Elong&tioni 
Per  Cent. 


Silicon, 
Pfer  Cent. 


Carbon, 
Per  Cent. 


1 

43,680 

10.0 

0.94 

2.58 

2 

44,770 

9.5 

1.04 

2.50  . 

3 

,         48,340 

10.6 

0.98 

2.45 

4 

49,710 

13.0 

0.88 

2.41 

5 

49,440 

12.0 

1.03 

2.30 

6 

48,080 

11.0 

0.92 

2.38 

These  test  bars  were  round,  0.8  in.  in  diameter  for  2  in.  in  the 
middle,  and  enlarged  at  the  ends  for  gripping.  A  shrink  ball  was  cast 
on  one  end  to  insure  soundness.  The  structure  of  two  of  these  bars  is 
shown  in  Figs.  5  and  6.  No.  1,  the  weaker  bar,  shows  slight  inclination 
to  graphitic  structure  in  the  shape  of  the  carbon  particles. 

The  nearest  approach  that  I  have  noticed  to  the  co-ordination  of 
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such  valuable  facts  as  are  above  outlined  is  the  paper  published  in  the 
Eroceedings  of  the  American  Foundrymen's  Assaciation,  a  couple  of  years 


Fio.  5. — Stbuctoeb  of  Bab  No.  1,  Maomipied  50  Diameters. 


Fig.  6, — Stbdcthbe  op  Bar  No.  4,  Magnified  5u  Diambtebs. 

ago,  by  John  Jennain  Porter,  in  which  he  plotted  silicon  and  com- 
bined carbon;  but  as  he  made  no  statement  as  to  the  size  of  the  castings 
from  which  these  results  were  obtained,  it  is  probable  that  this  factor 
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was  not  kept  constant,  which  of  course  would  account  for  a  great  many 
irregularities.  Also,  no  reference  was  made  to  the  effect  of  the  total  carbon 
on  the  combined-carbon  content,  which,  as  may  be  seen  above,  is  highly 
important. 

For  the  purpose  of  comparing  the  "natural  chill"  with  that  produced 
when  cast  iron  is  poured  against  an  iron  chiller,  a  test  was  made  which 
conformed  to  that  used  in  a  car-wheel  foundry,  using  the  same  pattern 
and  chill  box.  A  ladle  of  very  hot  low-carbon  iron  was  treated  with 
sufficient  50  per  cent,  ferro-silicon,  as  calculated  from  the  chart,  to  pro- 
duce the  same  degree  of  chill  as  that  of  the  iron  used  in  car  wheels.  It 
was  necessary  to  allow  the  metal  to  cool  for  several  minutes  in  the  ladle 
before  pouring,  in  order  that  the  temperature  should  approximate  the 
practice  in  the  wheel  foundry,  where  the  metal  is  not  so  hot  when 
melted.  The  result  of  this  experiment  is  charted  in  Fig.  4  as  No.  7, 
while  a  regular  test  piece  fr9m  a  wheel  mixture  showing  the  sam6  degree 
of  chill  (1^6  "!•)  is  charted  as  No.  8.  The  significance  of  this  experi- 
ment is  that  it  points  the  way  to  the  production  of  car  wheels  with  high 
silicon,  low  carbon,  and  low  sulphur  by  the  use  of  an  open-hearth  furnace 
for  melting.  The  rapidly  increasing  sulphur  in  the  cast-iron  car  wheel 
of  today,  due  to  the  remelting  of  old  wheels,  is  a  source  of  anxiety  to 
both  the  manufacturer  and  the  railroad.  The  percentage  of  cementite 
in  the  structure  of  such  a  metal  would  still  be  sufficient  to  insure  good 
wearing  qualities  and  a  higher  percentage  of  silicon  would  insure  sound- 
ness. The  absence  of  large  quantities  of  manganese  sulphide,  which  is 
undoubtedly  the  cause  of  a  large  percentage  of  the  defects  in  the  tread, 
would  be  a  strong  argument  in  favor  of  such  a  metal. 

It  may  be  profitable  to  consider  here  the  relationship  of  the  '4ines 
of  natural  chill"  as  described  above  to  the  line  of  saturation  of  silicon 
and  carbon  in  cast  irons.  For  this  purpose  I  have  prepared  another 
chart,  Fig.  7,  which  outlines  this  relationship.  The  saturation  figures 
are  taken  from  Keep's  Cast  Iron,  p.  45,  and  from  the  work  of  Wiist  and 
Petersen,  as  outlined  by  Hatfield.^  The  line  I  produced,  which  is  that 
of  "natural  chill,"  is  the  same  as  that  marked  "2"  Test  Mottled"  in  Fig. 
3.  As  a  speculation  it  has  been  extended  toward  6.67  carbon,  as  its 
probable  trend  in  that  direction,  and  upward  to  3.50  silicon  and  1.25 
carbon,  where  it  most  probably  tapers  off  and  disappears  due  to  the 
absence  of  carbon  in  sufficient  excess  of  the  pearlitic  ratio  to  form  graphite, 
which  is  necessary  to  produce  the  mottled  fracture  described.  I  hoped 
to  produce  by  direct  experiment  a  more  definite  end  point  on  the  high- 
silicon  side  before  presenting  this  paper;  but  lack  of  time  prevented. 

It  may  be  well  to  add  a  word  concerning  the  influence  of  the  other 
elements  necessarily  present  in  commercial  irons  which  have  been  dis- 
regarded in  this  paper. 

^  Cast  Iron  in  the  Light  of  Recent  Researchj  p.  31  (1912). 
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FiQ.  7. — Relation  of  Linb  op  Natural  Chill  to  That  op  Saturation. 
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The  effects  of  manganese  and  sulphur  must  be  considered  together, 
since  it  has  been  shown  by  several  eminent  investigators  that  where 
present  together  in  the  proper  ratio  they  exist  as  MnS,  which,  properly 
distributed,  would  be  neutral  and  ineffective  upon  the  chill  or  strength 
of  the  metal.  In  practical  work  it  is  found  necessary  to  carry  an  excess 
of  manganese  above  this  ratio,  to  insure  reliable  metal.  In  cupola- 
melted  irons  where  the  carbon  is  high,  an  excess  of  from  0.05  to  0.10  per 
cent,  of  manganese  is  sufficient,  while  iron  melted  in  the  air  furnace  or 
open  hearth  requires  from  0.10  to  0.30  per  cent,  excess  on  account  of 
greater  exposure  to  oxidizing  influences.  It  will  be  seen  that  where  iron 
is  properly  melted  to  a  fluid  condition,  the  sulphur  is  fixed  and  without 
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influence  on  chill,  etc.  If  the  0.30  per  cent,  excess  manganese  is  figured 
to  MnaC  it  will  be  apparent  that  it  can  affect  only  0.02  per  cent,  of 
carbon,  which  would  have  but  small  influence  on  the  chill. 

In  my  opinion  the  effect  of  sulphur  on  the  chill,  even  when  present 
uncombined  with  manganese,  has  been  greatly  exaggerated,  and  oxygen 
occurring  simultaneously  will  be  found  responsible  for  this  exaggeration. 

Regarding  the  effect  of  phosphorus  on  the  chill,  it  will  be  sufficient 
to  cite  Hatfield,  who  says,  in  discussing  Stead's  work  on  this  element: 

"Since,  however,  there  is  seldom  more  than  1.5  per  cent,  of  phos- 
phorus present  in  pig  irons  used  in  foundry  work,  it  may  be  considered 
that  the  influence  of  such  percentages  upon  the  condition  of  the  carbon 
is  negligible."* 
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It  will  be  seen  that  in  the  control  of  chill  in  malleable  iron  and  car 
wheel  mixtures,  where  this  element  does  not  exceed  one-fifth  of  1.5  per 
cent.,  its  effect  cannot  be  noticed. 

Though  I  have  not  made  an  independent  investigation  of  the  effect 
of  oxygen  on  the  chill,  I  am  inclined  to  believe  from  the  data  at  hand 
that  its  effect  is  mainly  qualitative  rather  than  quantitative.  While 
I  fail  to  agree  with  some  of  the  conclusions  of  J.  E.  Johnson,  Jr.,'  in  his 
paper  on  this  subject,  I  think  his  theory  of  the  existence  of  an  oxy- 
sulphide  is  true.  In  fact,  a  close  analysis  of  Mr.  Johnson's  data  brings 
out  more  forcibly  my  contention,  namely,  that  the  quantitative  control 
of  chill  in  commercial  cast  irons,  aside  from  the  physical  effects  of  cast- 
ing temperature,  size  of  test,  and  size  of  chiller,  is  practically  dependent 
upon  the  percentages  of  silicon  and  total  carbon  present.  In  support 
of  this  statement,  a  chart.  Fig.  8,  is  offered,  in  which  Mr.  Johnson's 
data  are  tabulated.  His  A  and  B  series,  not  having  a  measurable  chill, 
have  been  left  out.  It  will  be  noticed  that  his  G,  C,  and  F  series,  forming 
a  line  for  3^-in.  chill,  and  his  £  on  a  line  representing  3^-in.  chill,  are  in 
perfect  agreement  with  my  data,  shown  in  the  lower  right-hand  corner, 
and  all  lines  verge  toward  the  point  representing  6.67  carbon  and  no 
silicon.  While  his  specimen  D  does  not  seem  to  agree  with  this  theory, 
it  is  entirely  possible  that  it  may  not  be  in  its  proper  position,  either  be- 
cause of  error  in  analysis,  making  silicon  or  carbon  too  low,  or  because 
the  sample  was  not  representative;  though  a  larger  test  pig  than  usual, 
or  very  low  pouring  temperature,  would  cause  the  specimen  to  show 
no  chill. 

In  concluding  I  wish  to  express  my  acknowledgments  to  members 
of  the  Institute,  and  especially  to  Professors  Howe,  Sauveur,  and  Stough- 
ton,  whose  work  on  cast  irons  has  been  helpful  and  inspiring  in  the 
study  of  this  interesting  subject. 


*  Hatfield:  Cast  Iron  in  Ike  Light  of  Recent  Research  p.  54  (1912)., 
»  Trana.,  1,  p.  344  (1914). 
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'  DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting,  February,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  mav  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.^  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1,  1916.  Any 
discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Newnam  Hearth 

BY   WILLIAM   E.   NEWNAM,*  B.    S.,    COLLIN6VILLE,   ILL. 
(New  York  Meeting,  February,  1916) 

The  smelting  of  galena  in  the  ore  hearth  has  been  practiced  in  many 
countries  for  several  hundred  years  with  varying  success.  In  the  United 
States  the  water-jacketed  American  hearths  and  the  Jumbo  hearths  have 
found  some  favor,  in  the  Missouri  lead  belt,  where  large  quantities  of 
non-argentiferous  galena  concentrates  are  produced. 

In  form  and  method  of  operation  the  ore  hearth  has  changed  but  little 
since  its  earliest  conception.  A  detailed  description  of  the  furnace  is 
not  needed  here;  it  has  been  fully  described  in  most  works  on  the  metal- 
lurgy of  lead  and  in  many  technical  papers.  Since  its  field  is  restricted  to 
non-argentiferous  galena,  containing  over  68  per  cent,  of  lead,  its  use  is 
limited  to  a  few  districts;  and,  on  account  of  certain  disadvantages  at- 
tending its  operation,  modern  sintering  and  blast-furnace  practice  has 
nearly  driven  it  out  of  the  Missouri  field. 

It  is  not  generally  known  that  the  cost  of  producing  pig  lead  is  smaller 
by  the  hearth  method  than  by  sintering  and  blast-furnace  smelting. 
Yet  it  is  doubtful  if  any  metallurgist  knowing  this  to  be  true  would  recom- 
mend an  American  hearth  installation — by  reason  of  the  disadvantages 
which  will  be  briefly  enumerated. 

The  furnace  has  been  limited  to  a  length  of  from  4  to  5  ft.,  requiring 
for  its  operation  two  men  working  an  8-hr.  shift  as  a  maximum.  The 
product  per  man  is  small;  the  work  is  hot  and  laborious;  and  the  difficulty 
of  completely  removing  the  dust  and  fume  has  made  it  a  notorious  source 
of  lead  poisoning.  Although  suitable  for  operations  on  a  small  scale  a 
large  number  of  hearths  would  be  required  for  a  plant  smelting  10,000 
tons  of  68  to  70  per  cent,  concentrates  per  month;  and  the  number  of 
semi-skilled  laborers  would  be  six  times  the  number  of  hearths — a  con- 
dition which  is  prohibitive. 

On  account  of  the  high  percentage  of  dust  and  fume  produced,  a 
large  flue  and  bag-house  installation  is  required  and,  in  the  past,  the 
handling  and  re-treatment  of  this  dust  and  fume  has  been  a  serious 
problem. 


*  (J 


Superintendent,  St.  Louis  Smelting  &  Refining  Co. 


2140  THE  NEWNAM  HBAKTH 

On  the  other  hand,  the  advantages  are  the  immediate  reduction  of 
from  55  to  65  per  cent,  of  the  lead  contents  of  the  concentrates,  with 
simultaneous  roasting,  thus  producing  a  small  tonnage  of  gray  slag,  which 
is  an  ideal  product  for  the  lead  blast  furnace,  since  it  greatly  accelerates 
the  furnace  operation  and  is  productive  of  but  little  matte,  the  lead  being 
largely  present  in  the  form  of  sulphate  and  oxide.  As  previously  observed, 
the  cost  per  ton  of  pig  lead  is  somewhat  cheaper  by  this  metho|l.^ 

Several  attempts  have  been  made  to  raise  the  tonnage  and  reduce  the 
labor  on  the  ore  hearths  by  mechanical  means,  but  up  to  the  present 
without  success.  Although  the  furnace  operation  appears  to  be  extremely 
simple,  this  is  really  not  the  case;  and  the  ore  hearth  has  persistently 
refused  to  respond  to  mechanical  improvements.  It  is  the  purpose  of  this 
paper  to  describe  a  new  and  more  fortunate  endeavor  in  this  direction. 

After  a  careful  study  of  the  hand-hearth  operation,  it  was  decided  that 
three  things  were  necessary  to  perfect  it,  namely:  A  cool  and  sanitary 
hood;  a  mechanical  rabbler  which  would  effectually  replace  the  continuous 
and  laborious  use  of  the  hand  rabble;  and  a  lead- well  attachment  that 
would  mold  clean  lead  direct  from  the  hearth  basin  with  little  attention 
on  the  part  of  the  furnacemen. 

All  our  experiments  were  carried  out  on  the  ordinary  4-ft.  hand  hearth. 
The  hood  problem  was  taken  up  first;  and  soon  a  double  hood  was  de- 
vised which  gave  the  furnace  room  a  clear  and  fume-free  atmosphere,  at 
the  same  time  reducing  the  direct  and  radiated  heat  to  the  workmen  50 
per  cent.  A  complete  cessation  of  sickness  and  an  increased  output  were 
at  once  noted. 

After  a  few  trials  a  simple  and  effective  lead  well  and  molding  device 
was  installed. 

A  traveling  rabbler  was  next  put  on  the  4-ft.  furnace,  and,  after 
numerous  changes,  a  successful  type  was  worked  out. 

This  rabbling  machine,  as  shown  in  Figs.  1  and  2,  is  hung  from  a  car- 
riage which  travels  on  an  overhead  track;  and  it  rabbles  in  one  direction 
only,  for  a  reason  given  later.  The  machine  being  in  such  a  position 
that  the  rabble  arm  is  at  the  extreme  end  of  the  furnace,  a  releasing 
lever  is  pulled,  which  starts  the  machine,  causing  the  rabble  arm  to 
describe  a  motion  which  is  similar  to  that  of  the  hand  rabble,  but  more 
effective,  since  there  is  more  power  behind  it.  As  the  rabble  arm  is 
withdrawn  from  the  fire,  an  eccentric  connected  with  a  ratchet  wheel 
moves  the  carriage  forward  about  4  in.  for  the  next  stroke  of  the  rabble 
arm.     This  motion  is  repeated  until  the  other  end  of  the  furnace  is 


^  It  may  be  of  interest  at  this  point  to  note  that  the  lead  blast  furnace  carrying  a 
charge  with  20  per  cent,  of  gray  slag  is  smelting  7.5  tons  of  charge  per  square  foot  of 
tuyere  area  per  24  hr.  The  lead  in  this  slag  is  under  1  per  cent,  and  the  proportion  of 
fixed  carbon  consumed  per  charge  7.5  per  cent. 
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reached,  when  the  machine  automatically  stops  and  withdraws  the 
rabble  arm  from  the  fire. 


Pio.  1. — Rabblinq  Machine  at  Beqinniko  or  Tkip. 


Fia.  2,— Rabbuno  Machine  at  End  op  Teip. 

Two  men,  a  cbai^er  and  a  helper,  operate  the  furaace.  The  helper 
follows  close  behind  the  rabble  arm  and  with  a  long-handled  shovel  pushes 
back  the  loose  charge,  picking  out  the  gray  slag  as  he  goes  along.     Close 
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l>ehind  the  helper  comes  the  charger,  who  spreads  a  thin  layer  of  ore  on  the 
charge  as  fast  as  it  is  shoveled  back  by  the  helper,  adding  coke  breeze 
as  needed.. 

Thus  the  fire  is  exposed  for  an  instant  only;  and,  by  the  time  the  trip 
down  the  furnace  is  completed,  the  end  first  charged  is  ready  for  the  rab- 
bling machine.  It  is  for  this  reason  that  the  rabbling  is  performed  in  one 
direction  only.  The  first  trip  being  complete  and  the  gray  slag  removed 
from  the  apron,  the  throwing-in  of  a  clutch  causes  the  carriage  to  return 
without  rabbling  to  its  original  position,  where  it  automatically  stops  in 
readiness  for  a  second  rabbling  trip. 

Thus  on  each  trip  the  fire  is  rabbled  24  times  in  48  sec,  the  return 
motion  requiring  12  sec.  One  horsepower  is  required  under  full  load, 
and  is  supplied  by  a  1-hp.,  alternating-current,  220- volt  motor.  The 
rabbling  machine  is  simple,  strong,  and  durable,  and  only  requires  a  few 
minutes'  attention  daily. 

From  th^  data  compiled  it-  was  determined  that  the  hearth  could  be 
increased  to  8  ft.  in  length,  that  it  would  then  produce  2.5  times  as  much 
pig  lead  as  the  hand  hearth,  and  that  two  men  could  operate  it  with  less 
fatigue  than  that  sustained  by  two  men  on  the  ordinary  hand  hearth. 
An  8-ft.  hearth  was  at  once  constructed,  and  from  the  first  day  of  its 
operation  it  has  not  only  realized  our  expectations  but  considerably 
exceeded  them. 

As  direct-hearth  labor  is  paid  a  certain  rate  per  hundred  pounds  of 
pig  lead  produced,  it  will  be  seen  that  the  cost  of  production  as  well  as 
the  number  of  furnaces  and  number  of  men  employed  has  been  more 
than  cut  in  half.  Moreover,  the  hearth  laborers  can  earn  more  money 
per  shift,  through  the  increased  efficiency  per  square  foot  of  hearth  area; 
and  this,  in  turn,  enables  us  to  secure  a  more  desirable  class  of  men. 

The  following  tables  show  that  the  8-ft.  furnace  gives  a  much  higher 
extraction  of  metallic  lead,  with  a  corresponding  decrease  in  the  amount 
of  dust  and  fume  produced.' 

Another  gratifying  feature  is  the  reduction  of  the  fuel  added  in  the 
form  of  coke  breeze.  Whereas  the  hand  hearth  uses  from  8  to  9  per 
cent,  of  fuel,  the  8-ft.  mechanical  hearth  consumes  from  3  to  4  per  cent, 
only.  It  is  probable  that  the  decrease  in  dust  and  fume  as  well  as  in  fuel 
consumption  is  due  to  the  shorter  time  the  fire  is  exposed  after  rabbling 
on  the  8-ft.  hearth. 

It  has  been  found  that  by  pugging  the  flue  dust  with  a  certaui  cheap 
chemical,  and  mixing  it  with  a  portion  of  burnt  bag-house  fume,  the 
mixture  can  be  successfully  worked  up  on  the  hearth,  giving  a  high 
lead  extraction -and  a  very  low  percentage  of  dust  and  fume. 

Thus  it  will  be  seen  that  for  galena  concentrates  of  over  68  per  cent! 
lead  contents,  the  disadvantages  of  the  old-style  hearth  have  been  over- 
come, and  the  cost  of  production  has  been  lowered  to  such  a  degree  that 


I 
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sintering  with  subsequent  blast-furnace  smelting  is  no  longer  com- 
parable therewith. 

Smelting  Flue  Dust  on  the  Hearth 

The  following  is  an  average  of  the  results  obtained  by  smelting  a 
mixtiu'e  of  pugged  flue  dust  and  burnt  bag-house  fume.  This  mixture 
is  made  up  so  that  the  average  weight  of  pig  lead  produced  per  shift 
will  be  approximately  the  same  as  that  extracted  from  70  per  cent,  galena 
concentrates. 

Owing  to  the  low  percentage  of  sulphur  present  in  the  mixture  as 
sulphides,  10  per  cent,  of  coke  breeze  is  required. 

Burnt  bag-house  fume,  containing  76  per  cent.,  and  pugged  fliie  dust 
containing  62  per  cent.,  are  made  into  a  mixture  containing  67  per  cent, 
of  lead.  Of  this  lead,  81.3  per  cent,  passes  into  pig  lead,  10  per  cent, 
into  gray  slag,  and  8.7  per  cent,  into  fume  and  dust. 

The  gray  slag  contains:  Pb,  32.4;  FeO,  14.7;  CaO,  11.1  ;'S,  1.2;  and 
insoluble,  18.7  per  cent. 

The  following  table  is  a  comparison  of  the  two  types  of  hearth,  oper- 
ating side  by  side  on  the  same  ore,  showing  the  average  results  per  8- 
hr.  shift  over  a  period  of  four  weeks;  the  labor  being  the  same  on  each 
type. 

Comparative  Results 

Ore  charged,  galena  concentrates,  containing  72.5  per  cent,  lead,  and 
15.1  sulphur. 

Newnam  Hand 

Hearth,  Hearth, 

Pounds  Pounds 

Dry  ore  charged 13,179  5,091 

Lead  contents 9,554  3,691 

Pig  lead  made 6,443  2,030 

Gray  slag  made 3,318  1,329 

Per  cent,  of  coke  breeze  used 3.6  8.8^ 

Rabble  trips  per  hour 37.2 


•  • .  • 


Percentage  of  Total  Lead  in  Products 

• 

Pig  lead 67.44  55.00 

Gray  slag 15.18  16.20 

Dust  and  fume 17.38  28.80 


100.00  100.00 


Analysis  of  Gray  Slag 


Newnam  hearth 

Hand  hearth 

Pb 
...  43.7 
...  45.0 

FeO 

12.8 
12.2 

CaO 

9.9 
9.0 

S       Insoluble 

1.9      12.6 
2.6      12.2 

5 
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The  lead  present  is  approximately  combined  as  follows: 

Per  Cent. 

PbS04 10 

PbS 6 

PbO 25 

Metallic  lead 8.6 

From  the  standpoint  of  roasting,  the  elimination  of  sulphur  on  the 
hearth  is  high  in  comparison  with  the  other  methods  now  in  vogue. 

Of  the  material  drawn  into  the  flues  and  bag  chambers  the  proportion 
by  weight  is  one  of  dust  to  two  of  burnt  fume.  From  the  analyses  given 
below  it  will  be  seen  that  a  considerable  portion  of  the  lead  is  present  as 
3ulphate,  and  on  re-treatment  the  sulphate,  reacting  on  the  sulphide, 
greatly  assists  the  desulphurizing  process. 

Pb,  S. 

Per  Cent.  Per  Cent. 

62.0  11.1 

76.0  5.9 

The  lead  present  is  combined  approximately  as  follows: 


Dust 

Burnt  fume 


Dust, 
Per  Cent. 


Burnt  Fume, 
Per  Cent. 


PbS04 18.9  63.6 

PbS 56.4  1.2 

PbO 2.0  41.5 

Taking  the  above  average  run  as  a  basis,  the  sulphur  elimination  is 
calculated  as  follows.  The  amount  of  fume  and  dust  produced  from  the 
first  dust  and  fume  treatment  is  so  small  a  percentage  of  the  whole  that 
it  will  not  be  considered  here. 

Nevmam  Hearth 


Pounds 

Sulphur, 
Per  Cent. 

Sulphur, 
Pounds 

Sulphur, 
Pounds 

Dry  ore  chariced 

13,179 

3,318 

776 

1,552 

15.1 
1.9 

11.1 
5.9 

1,990 

Gray  Blacr 

63 
86 
92 

Dust 

Burnt  fume 

241 

Pounds  of  sulphur  eliminated . . . 

1,749 
87.9 

Per  cent,  of  sulphur  eliminated. . 

Hand  Hearth 


Pounds 


Sulphur, 
Per  Cent. 


Sulphur, 
Pounds 


Sulphur, 
Pounds 


Dry  ore  charged 

Gray  slag 

Dust 

Burnt  fume 


Pounds  of  sulphur  eliminated . . 
Per  cent,  of  sulphur  eliminated. 


5,091 

1,329 

497 

994 


15.1 
2.6 

11.1 
5.9 


35 
55 
59 


769 


149 


620 
80.6 
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In  several  localities  the  ore  hearth  has  been  operated  on  high-grade 
galena,  containing  about  80  per  cent.  lead,  with  an  extraction  of  from  80 
to  85  per  cent,  of  the  metal.  In  order  to  determine  the  adaptability 
of  this  grade  of  ore  to  the  Newnam  hearth  a  test  run  was  made,  the 
average  results  of  which,  per  8-hr.  shift,  are  given  below. 

Note  the  very  high  extraction  of  metallic  lead  and  the  correspondingly 
low  amounts  of  dust,  fume,  and  slag  made. 

Test  on  Galena  Concentrates,  Containing  82.0  Per  Cent.  Lead  and  11.2 

Per  Cent.  Sulphur 

Pounds 

Dry  ore  charged 14,436 

Lead  contents 11,837 

Pig  lead  made 10,790 

Gray  slag  made 1,075 

Per  cent,  of  coke  breeze  used 2.4 

Per  cent,  of  crushed  limestone 2.0 

Percentage  of  Total  Lead  in  Products 

Pig  lead 91.15 

Gray  slag 4 .25 

Dust  and  fume 4 .60 


100.00 


Sulphur  Eliminaiion 


Pounds 


Sulphur, 
Per  Cent. 


Sulphur, 
Pounds 


Sulphur, 
Pounds 


Dry  ore  charged. 

Gray  slag 

Dust 

Burnt  fume 


Pounds  of  sulphur  eliminated . . 
Per  cent,  of  sulphur  eliminated. 


14,436 

1,075 

254 

508 


11.2 
2.5 

11.1 
5.9 


27 
28 
30 


1,617 


85 


1,532 
94.7 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 
fSTySJECT  TO    REVISION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting,  February,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impos- 
sible, then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  n .  Y..  for  presentation  by  .the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  mside,  the  discussion  of  this  paper  will  dose  April  1, 1916.  Any 
discussion  offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Geology  of  fhe  Ore  Deposits  of  the  Tintic  Mining  District 

BT  GXTT  W.   CRANB,*  B.  A.,  BURBKA,  UTAH 
(New  York  Meeting,  February,  1916) 

I.  Introduction 

The  geology  of  the  Tintic  mining  district,  fully  treated,  would  occupy 
an  elaborate  monograph.  This  less  comprehensive  paper  is  devoted 
primarily  to  the  occurrence  and  origin  of  the  orebodies  of  the  district, 
while  space  is  given  to  those  phases  of  the  general  geology  only  which 
seem  necessary  to  a  proper  setting  of  such  a  discussion. 

The  first  geological  report  on  the  Tintic  district  to  be  issued  was  that 
by  Tower  and  Smith,  published  in  1899,  in  the  form  of  a  paper  in  Part 
III  of  the  Nineteenth  Annual  Report  of  the  f/.  S.  Geological  Survey t  and 
also  as  Folio  No.  65,  Geologic  AUaa  of  the  United  States.  About  four  years 
ago  a  second  investigation  was  begun  by  Waldemar  Lindgren  and  G. 
F.  Loughlin,  of  the  U.  S.  Geological  Survey.  With  the  exception  of  a 
paper  on  the  oxidized  zinc  ores  of  the  Tintic  district  by  Mr.  Loughlin, 
the  results  of  their  work  are  still  unpublished.  The  writer's  acquaint- 
ance with  the  district  began  in  the  fall  of  1913,  and  has  extended  over  a 
period  of  about  two  years, 

1.  Location 

The  Tintic  district  lies  about  65  miles  due  south  of  Salt  Lake  City, 
and  on  the  west  central  slope  of  the  Tintic  Mountains,  a  short  range, 
which  forms  the  connecting  link  between  the  Oquirrh  Mountains  on  the 
north  and  the  Canyon  Range  on  the  south — the  group  constituting  the 
first  of  the  Basin  ranges  to  the  west  of  the  Wasatch  Moimtains. 

The  productive  portion  of  the  district  embraces  an  area  about  6  miles 
long  and  2  miles  wide,  which  is  divided  between  Juab  and  Utah  Counties. 
Within  this  area  are  the  towns  of  Eureka,  Mammoth,  Robinson,  Silver 
City,  and  Knightsville.  All  these  points  are  tapped  by  the  Denver  & 
Rio  Grande  and  S.  P.,  L.  A.  &  S.  L.  Railways. 

2.  Topography 

As  in  most  of  the  Basin  ranges,  topographic  relief  is  strong,  dropping 
rapidly  from  peaks  of  8,100  ft.  above  sea  level  to  elevations  of  5,600  ft. 
in  Tintic  Valley  on  the  west  and  4,500  ft.  in  Goshen  Valley  on  the  east. 

^Mining  Geologist. 
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The  regularity  of  the  range  is  broken  by  many  lateral  valleys,  one 
of  which  has  cut  well  back  into  the  range,  forming  the  low  divide  above 
the  town  of  Eureka,  through  which  the  D.  &  R.  G.  Railway  enters  the 
district. 

3.  History 

Tintic  is  among  the  oldest  mining  camps  in  Utah,  being  antedated 
only  by  Bingham,  Rush  Valley,  and  Little  Cottonwood.  Ore  was  first 
discovered  in  the  monzonite  about  1  mile  east  of  Silver  City  in  December, 
1869,  and  the  district  was  organized  in  the  following  spring.  The  first 
claim  recorded  was  the  Sunbeam,  located  Dec.  13,  1869,  on  the  first  dis- 
covery. The  second  location  was  made  Jan.  3, 1870,  on  the  Black  Dragon, 
a  little  farther  to  the  north.  This  was  followed  in  quick  succession  by 
locations  in  the  limestone,  first  on  the  Mammoth  ledge  near  the  middle  of 
the  district,  and  shortly  after  on  the  Eureka  Hill  ledge  near  its  northern  end. 

Mining  operations  began  at  once  with  the  construction  of  two  mills 
and  as  many  smelters  during  the  first  12  months.  Once  located,  the 
orebodies  have  been  found  to  be  fairly  persistent,  with  new  discoveries 
from  month  to  month,  and  today  there  is  good  reason  to  believe  that 
this  record  can  be  maintained  for  some  time  to  come. 


4.  Production 

During  the  early  days  of  the  district  the  production  was  about  equally 
divided  between  the  deposits  in  the  igneous  rocks  at  the  south  end  of 

Total  Metal  and  Gross  Values  Production  of  the  Tintic  Mining  District  to 

•   Jan.  1,  1914* 


Gold :      Ounces 
Value. . 


Silver:     Ounces. 
Value . . 


Copper:  Pounds 
Value . . 


Lead:       Pounds. 
Value . . 


Zinc: 


Pounds. 
Value. . 


Total  value 


1869  to  1879. 
inolusive 


1880  to  1903, 
inolusive 


$475,451 

1,300,000 
$1,616,130 

1,700,000 
$478,852 

11,000,000 
$631,146 


$11,096,747 

60,400,000 
$38,620,870 

37,235,000 
$6,081,148 

269,000,000 
$12,073,854 


$3,201,579 


$67,872,619 


1904  to  1913, 
inolusive 


Totals    to 
Jan.   1,   1914 


831,114 
$17,180,602 

51,613,173 
$27,343,438 

89,233,411 
$13,473,378 

299,176,172 
$13,869,125 

7,306,281 
$457,378 


$28,752,800 

103,313,173 
$67,580,438 

128,168,411 
$20,033,378 

679,176,172 
$26,574,125 

7,306,281 
$457,378 


$72,323,921      $143,398,119 


«  Compiled  from  statistics  of  G.  W.  Tower  and  G.  0.  Smith,  U.  S.  Geological  Survey, 
V.  C.  Heikes  in  reports  of  1904  to  1913,  inclusive,  and  other  sources. 
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the  district  and  those  in  the  limestone  at  the  north  end.  But  upon  the 
exhaustion  of  the  oxidized  ores  in  the  igneous  rocks,  due  to  high  water- 
level,  the  balance  of  production  was  shifted  to  the  deposits  in  the  lime- 
stone; and  since  the  closing  of  the  Swansea  mines  at  Silver  City,  in  1913, 
the  entire  production  has  been  from  the  latter  deposits. 

II.  Arbal  Geology 

The  rocks  of  the  Tintic  district  consist  of  Paleozoic  sediments  and 
a  variety  of  igneous  rocks  of  Tertiary  age. 

1.  Sedimentary  Rocks 

These  consist  mainly  of  quartzite  and  limestone  having  a  total  thick- 
ness of  12,000  ft.  or  more.  For  economic  and  lithologic  reasons  they  have 
been  subdivided  in  descending  section  as  follows: 

Humbug  sandstone  1  Constituting  the  Humbug  formation  of  the  U.  S.   Geological 

Humbug  limestone  j  Survey. 

Tetro  limestone 

Carbonaceous  shale 

Blue  Fossiliferous  limestone 

Chief  Consolidated  limestone 

Gemini  limestone 

White-lime-shale 

Centennial   limestone 

Golden  Ray  limestone 

Tintic  slate         |  Constituting  the  Tintic  or  Robinson  quartzite  of  the  U.  S.  Geo- 

Tintic  quartzite  j  logical  Survey. 

At  the  top  of  the  section  is  the  Humbug  sandstone,  on  the  east  slope 
of  the  Godiva  Moimtain,  which  is  224  ft.  thick,  consists  mainly  of  cal- 
careous sandstone  with  a  few  intercalated  beds  of  arenaceous  limestone, 
and  is  not  known  to  be  ore  bearing. 

The  Humbug  limestone,  378  ft.  thick,  consists  mainly  of  nearly  pure, 
coarse-grained,  gray  limestone  with  a  few  intercalated  beds  of  arenaceous 
limestone  of  a  yellowish  buff  color.  This  formation  is  well  exposed  on  the 
upper  east  slope  of  Godiva  Mountain  and  has  carried  most  of  the  ore  in 
the  Godiva-Sioux  Mountain  and  Iron  Blossom  ore  zones. 

The  Tetro  limestone,  365  ft.  thick,  consists  with  little  variation  of  hard, 
fine-grained,  blue,  cherty  limestone  which  is  not  known  to  be  ore  bearing. 

The  Carbonaceous  shale,  160  ft.  thick,  is  essentially  a  thinly  bedded, 
black,  shaly  limestone,  containing  bands  of  black  chert,  and  weathering 
to  a  platy  or  shelly  surface.  It  is  most  unpromising  as  an  ore-bearing 
medium  and  is  nowhere  known  to  be  mineralized. 

The  Blue  Fossiliferous  limestone,  542  ft.  thick,  consists  of  300  ft.  of 
blue,  cherty  limestone  in  beds  from  1  to  3  ft.  thick,  resting  upon  242  ft. 


Constituting   the   Godiva   limestone   of   the    U.    S. 
Geological  Survey. 


Constituting  the  Eureka  limestone  of  the  U.  S.  Geological 
Survey. 


2150     GEOLOGY  OF  THE  ORE  DEPOSITS   OF  THE  TINTIC  MINING  DISTRICT 

of  blue,  highly  f ossiliferous  limestone  in  thin  beds  separated  by  thin  part- 
ings of  impervious  clay  shale.  This  formation  has  been  quite  extensively 
prospected,  and  found  to  carry  no  orebodies  of  importance. 

The  Chief  Ck)nsolidated  limestone,  615  ft.  thick,  consists  of  a  series 
of  contrasted  horizons  which,  in  descending  order,  have  the  following 
characteristics: 

80  ft.  of  very  coarse-grained,  massive,  dolomitic  limestone,  on  the 

whole  quite  favorable  to  mineralization. 
64  ft.  of  fine-grained,  siliceous,  hard,  brittle,  black  limestone,  which 
is  generally  barren,  though  running  the  entire  length  of  the  ore 
zone  in  the  Chief  Consolidated  mine. 
38  ft.  of  medium-grained,  fairly  pure,  blue  limestone  in  thin  beds, 
but  with  a  few  black  shaly  partings  which  appear  to  offer  some 
•resistance  to  mineralization. 
31  ft.  of  coarse-grained,  pure  white  to  light-gray  limestone  which 

appears  to  be  especially  favorable  to  mineralization. 
120  ft.  of  blue,  flaky  and  fairly  pure  limestone  which  also  appears  to 

be  especially  favorable  to  mineralization. 
72  ft.  of  coarse,  mottled,  light-gray,  massive  dolomitic  limestone, 

readily  susceptible  to  mineralization. 
212  ft.  of  fine-grained,  ashy  gray,  impure  limestone  with  14  or  more 
intercalated  thin  beds  of  quartzitic  sandstone.    The  horizon  lies 
to  the  west  of  the  ore  zone  proper,  and  its  character  is  such  as  to 
discourage  exploration  for  ore  within  its  limits. 
The  Gemini  limestone,  902  ft.  thick,  consists  of  45  or  more  relatively 
thin  alternating  horizons  of  blue,  gray,  light-gray,  and  white  limestone 
of  varying  texture  and  hardness,  but  all  generally  distinctly  bedded. 
The  formation  is  especially  characterized  by  its  purity,  t.6.,  lack  of  siliceous 
members/  and  general  susceptibility  to  mineralization. 

The  White-lime-shale,  920  ft.  thick,  consists  throughout  of  fine- 
grained, bluish  gray,  thinly  bedded,  shaly  limestone  with  a  few  thin  con- 
glomeratic beds  of  the  interformational  type.  It  is  generally  extensively 
sheeted  where  folded,  and  weathers  to  a  yellowish  white,  whence  its 
name.  It  is  characteristically  unfavorable  to  mineralization,  and  is  not 
known  to  be  ore  bearing. 

The  Centennial  limestone,  798  ft.  thick,  consists  of  four  relatively  thick 
horizons  of  passive,  dark-blue  limestone  interspaced  by  as  many  relatively 
thin  horizons  of  thinly  bedded,  light-gray  limestone  and  one  6-ft.  member 
of  thinly  laminated,  light-green  shale.  Except  for  the  shale  and  two 
20-ft.  impure,  sandy  horizons,  the  entire  formation  is  apparently  favorable 
to  mineralization. 

The  Golden  Ray  limestone,  thickness  1,559  ft.,  consists  of  five 
thick  horizons  of  heavily  bedded,  dark-blue  to  bluish  gray,  dolomitic 
limestone  interspaced  by  five  relatively  thin  horizons  of  fine-grained,  light- 
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gray  to  white,  thinly  laminated^  impiire  limestone.  While  this  for- 
mation is  not  known  to  be  ore  bearing,  a  large  part  of  it  possesses  char- 
acteristics which  are  apparently  favorable  to  ore  deposition  in  other 
ore-bearing  horizons. 

The  Tintic  slate,  thickness  358  ft.,  consists  essentially  of  thinly  lami- 
nated, green  slate  with  intercalated  bands  of  impure,  gray,  banded  lime- 
stone near  the  top  and  thin  bands  of  brown,  quartzitic  slate  near  the 
bottom.  The  formation  is  highly  sheeted  due  to  folding.  Its  highly 
siliceous  and  wholly  barren  nature  does  not  invite  exploration. 

The  Tintic  quartzite,  the  lowest  member  in  the  stratigraphic  series, 
is  not  fully  exposed,  but  has  an  estimated  thickness  of  from  5,000  to 
7,000  ft.  It  is  for  the  most  part  a  pure,  compact,  fine-grained  quartzite, 
white  to  pink  in  color.  Bedding  indistinct  and  readily  confused  with  a 
pronounced  sheeting  due  to  folding.  Occasional  interspaced  thin  beds 
of  pebble-quartz-conglomerate  break  the  general  massive  nature  and 
lend  a  clue  to  the  structure. 

No  special  effort  has  been  given  to  the  determination  of  the  age  divi- 
sions in  the  above  succession.  The  section  affords,  however,  no  evidence 
of  an  important  stratigraphical  break,  such  as  a  real  erosion  uncon- 
formity. The  thin  conglomerates  in  the  White-lime-shale  are  of  the 
interformational  type,  and  represent  only  temporary  disturbances  of  the 
normal  state  of  deposition  during  a  period  of  shaUow-sea  conditions. 
If  the  chronology  as  determined  by  Tower  and  Smith^  is  to  stand, 
the  succession  certainly  represents  continuous  deposition  from  Middle 
Cambrian  weU  into  Pennsylvanian  time. 

2.  Igneoiis  Rocks 

Packard  Rhyolite, — ^The  igneous  rocks  consist  of  rhyolite,  andesite, 
tuff  and  breccia,  and  monzonite,  all  of  Tertiary  age. 

The  Packard  rhyolite,  locally  referred  to  as  porphyry,  occurs  as 
surface  flows  and  intrusive  dikes.  It  occupies  a  large  area  in  the 
northern  end  of  the  district  and,  underlying  the  town  of  Eureka,  extends 
to  the  north  and  east  in  a  range  of  hills  of  which  Packard's  Peak  is  the 
most  prominent.  Its  thickness  at  this  point  probably  exceeds  1,000  ft. 
The  rhyolite  varies  in  color  from  pink  and  light  purple  to  light  and  dark 
gray.  In  texture  it  ranges  from  glassy  to  highly  granular,  with  flow 
banding  as  a  common  characteristic. 

No  metalliferous  deposits  are  known  to  occur  with  the  Packard  rhyo- 
lite. Its  chief  economic  interest  lies  in  the  numerous  springs  issuing 
from  the  lower  slopes,  from  which  the  entire  water  supply  of  Eureka  and 
the  mines  in  that  section  of  the  district  is  obtained. 

*  Tower  and  Smith:  Geology  and  Mining  Industry  of  the  Tintic  District,  Utah, 
19^  Annual  Report,  U,  S.  Oeologicdl  Survey,  Part  III,  p.  627. 
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Andesite,  Tuff,  and  Breccia, — ^Large  areas  of  andesite  with  associated 
tuff  and  breccia  lie  to  the  east  and  south  of  the  productive  portion  of  the 
Tintic  district.  They  are,  for  the  most  part,  older  than  the  metallif- 
erous deposits  and,  having  no  genetic  relation  to  the  latter,  they  need 
not  receive  further  attention  here. 

Sunbeam  Monzonite. — The  monzonite  is  confined  to  the  southern  half 
of  the  district,  where  it  forms  the  country  rock  over  an  area  4  miles  in 
length,  north  and  south,  and  2  miles  wide.  It  is  the  youngest  of  the 
igneous  rocks,  and  occurs  in  the  form  of  an  intrusive  stock,  cutting  and 
enveloping  fragments  of  all  the  earlier  formations.  On  the  north  it 
lies  in  an  irregular,  but  nearly  vertical,  contact  with  the  limestones,  which 
it  has  metamorphosed  through  a  zone  varying  from  300  to  500  ft.  in 
width.  On  the  eas|}  and  south  it  is  in  irregular  contact  with  the  andesite. 
Its  western  boundary  is  obscured  by  the  overlapping,  alluvium-filled 
valleys.  Ruby  Hollow  and  Diamond  Gulch,  which  show  it  to  have  been 
deeply  eroded. 

In  color  it  is  Ught  to  dark  gray,  usually  with  greenish  brown  tinge.  In 
texture  it  is  normally  evenly  granular,  but  varies  from  porphyritic  on  its 
east  and  west  boundaries  to  granitic  where  it  is  in  vertical  contact  with 
the  limestones. 

What  is  known  as  the  Swansea  rhyolite  is  probably  a  rhyolitic  phase 
of  the  monzonite  and  belongs  to  the  same  period  of  intrusion. 

The  monzonite  is  a  formation  of  first  importance,  since  it  has  been  the 
mineralizing  source  of  all  the  important  orebodies  in  the  Tintic  district. 

3.  StrtuUure 

Folding. — The  sedimentary  formations  are  folded  into  a  simple  and 
fairly  symmetrical  overturned  syncline,  the  major  axis  of  which  strikes 
north  and  south  and  pitches  slightly  to  the  north.  The  axial  plane  of  the 
fold  dips  about  60°  to  the  west,  resulting  in  vertical  and  often  overturned 
dips  in  the  beds  of  the  west  limb  of  the  syncline,  while  the  angles  of  the 
dip  of  the  beds  in  the  east  limb  are  correspondingly  low,  rarely  exceeding 
40°.  By  reason  of  its  pitch,  the  syncline  becomes  wider  to  the  north 
where  the  trough  is  folded  into  a  series  of  crenulations,  forming  a  wide 
synclinorium.  South  of  the  Ajax  fault,  which  extends  from  the  Mam- 
moth mine  east  to  the  Iron  Blossom  No.  3  mine,  no  synclinal  structure 
is  obtained.  While  the  beds  on  the  north  of  the  fault  are  steeply  in- 
clined, conforming  to  the  normal  structure  of  the  syncline,  those  on  the 
south  are  relatively  flat,  lying  with  gentle  dips  to  the  east,  in  which  direc- 
tion no  return  dips  are  observable,  because  of  a  thick  covering  of  volcanic 
rocks. 

Faulting. — The  folding  of  the  sediments  was  accompanied  by  extensive 
faulting,  fracturing,  fissuring,  and  sheeting.    The  major  faults  are  of  the 
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transverse  type,  striking  in  a  nearly  east-west  direction  across  the  line  of 
the  major  fold.  These  faults  show  lateral  displacements  ranging  from 
500  to  3,000  ft.  The  direction  of  throw  is  usually  to  the  east  on  the  south. 
Connecting  the  major  faults  at  various  angles  are  numerous  minor  faults 
showing  displacements  ranging  up  to  200  ft.  Rotary  faulting  is  common, 
as  is  shown  by  marked  disparity  in  the  attitude  of  the  beds  along  the  plane 
of  the  faults.  The  major  faults  are  usually  accompanied  by  one  or  more 
parallel  faults,  inclosing  a  breccia  or  sheared  zone.  The  occasional  oc- 
currence of  breccia  zones  and  sUckensides  parallel  to  the  bedding  planes 
must  be  interpreted  as  evidence  of  some  faulting  of  this  type.  None  of 
the  faults  are  known  to  extend  into  the  igneous  rocks,  which  are  evidently 
of  later  origin.  While  it  is  probable  that  most  of  the  faulting  occurred 
during  the  period  of  folding,  it  is  not  unlikely  that  some  faulting  and  frac- 
turing accompanied  the  intrusion  of  the  monzonite,  though  none  of  this 
origin  has  been  recognized. 

Fractures,  Fissures,  and  Sheeting. — Fractures  and  fissures  occur  in  both 
the  igneous  and  sedimentary  rocks.     Sheeting  is  confined  to  the  latter. 

In  the  Sunbeam  monzonite  and  its  porphyritic  phase,  the  Swansea 
rhyolite,  are  numerous  ore-bearing  fissures  which  have  a  general  north- 
south  direction,  but  vary  from  as  much  as  N.  20°  W.  to  N.  45°  E.  These 
fissures  are  of  the  stretch  type,  due  to  shrinkage  accompanying  the  con- 
solidation of  the  igneous  intrusives.  For  this  reason  they  do  not  extend 
into  the  adjacent  sedimentary  rocks. 

The  sediments  during  the  period  of  their  deformation  were  extensively 
fractured  and  sheeted,  generally  along  shearing  planes.  The  fractures, 
which  are  usually  steeply  inclined,  are  most  numerous  in  the  steeply 
dipping  beds  and  in  the  vicinity  of  the  major  faults.  They  trend  at  all 
angles,  those  [in  the  northeast  and  southwest  quadrants  being  the 
most  abundant. 

Sheeting  has  occurred  in  the  quartzite,  slate,  and  more  impure  shaly 
limestone  beds,  where  these  have  been  closely  folded.  It  is  best  developed 
in  the  Tintic  slate,  and  the  White-lime-shale,  along  the  western  limb  of 
the  syncline.     The  Tintic  quartzite  also  is  extensively  sheeted. 

III.  Geologic  History 

The  geologic  history  of  the  district  is,  briefly,  somewhat  as  follows: 
During  Paleozoic  time  the  area  was  under  water,  as  is  evidenced  by 
the  1 2,000  ft. ,  more  or  less,  of  sediments  of  Paleozoic  age.  That  conditions 
of  sedimentation  fluctuated  considerably  between  shallow  and  deep  waters, 
is  confirmed  by  the  alternation  of  thinly  bedded  shaly  limestone,  and 
shale  with  relatively  pure  massive  limestones;  but  there  is  no  evidence 
that,  during  this  age,  any  portion  of  the  area  was  elevated  above  sea 
level  even  for  a  brief  interval. 
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Early  in  Mesozoic  time  extensive  earth  movements  began,  which 
resulted  in  the  elevation  and  deformation  of  the  Paleozoic  sediments  into 
virtually  their  present  highly  disturbed  condition.  Throughout  this 
period  of  folding  and  faulting,  erosive  agents  were  active  in  carving  the 
distorted  strata  into  mountain  ranges  closely  approaching  the  present 
fprms.  While  folding  had  probably  ceased  some  time  before,  the 
erosion  continued  right  up  to  the  Tertiary. 

During  Tertiary  time,  the  greater  portion  of  the  area  was  buried  be- 
neath extensive  flows  of  rhyolite  and  andesite,  which  were  interspaced 
by  short  periods  of  erosion.  Where  the  rhyolite  flows  overlapped  the 
sediments,  considerable  quantities  of  iron  oxide  and  ferruginous  jasper 
were  formed.  These  are  described  under  the  head  of  limestone-igneous 
contact  deposits. 

Following  the  extrusion  of  the  Packard  rhyolite  and  andesite,  with 
at  least  a  short  period  of  erosion  intervening,  came  the  intrusion  of  the 
Sunbeam  monzonite  and  its  quartz-porphyry  phase,  the  Swansea  rhyolite. 

This  event  brought  about  the  second  period  of  ore  deposition,  which 
resulted  in  the  formation  of  the  replacement  deposits  in  limestone  and 
was  accompanied  or  soon  followed  by  the  deposition  of  the  fissure-vein 
ores  in  the  Sunbeam  monzonite  and  Swansea  rhyolite.  Since  the  last 
of  the  volcanic  eruptions  and  the  period  of  ore  deposition,  there  has  been 
uninterrupted  erosion,  which  has  cut  deeply  into  the  accumulations  of 
volcanic  materials,  exposing  extensive  areas  of  the  sediments  and,  at  a 
few  points,  the  inclosed  orebodies. 

The  products  of  this  last  period  of  erosion  form  the  alluvium  in  the 
valleys  and  the  talus  on  the  upper  slopes. 

IV.  The  Ore  Deposits 

There  are  three  types  of  ore  deposits  in  the  Tintic  district:  (1) 
limestone-igneous  contact  deposits;  (2)  deposits  in  igneous  rocks;  and 
(3)  limestone  replacement  deposits. 

1.  Limestone'Igneous  Contact  Deposits 

At  numerous  points  along  the  contact  of  the  limestone  and  the 
igneous  rocks,  particularly  the  Packard  rhyolite,  are  thin  deposits  of 
iron  and  manganese  oxide  associated  with  more  or  less  red  and  greenish 
yellow  jasperoid  and  clay-ironstone.  The  jasperoid  has  been  observed 
in  contact  with  the  limestone  of  which  it  is  a  replacement.  The  iron- 
manganese  deposits  occur  both  at  the  contact  and  filling  cavities  in  the 
limestone  near  the  contact. 

Deposits  of  this  type  are  widely  distributed  over  the  district,  par- 
ticularly its  northern  end,  where,  because  of  the  resemblance  of  the 
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associated  jasperoids  to  certain  phases  of  the  quartz  in  the  pro- 
ductive limestone  replacement  deposits,  they  have  received  considerable 
attention  from'  prospectors. 

Locally  small  quantities  of  silver  and  gold  have  been  reported;  but, 
except  for  the  iron  ores  which  have  been  mined  intermittently  for  flux- 
ing purposes,  these  deposits  have  no  economic  importance. 

2.  Deposits  in  Igneous  Rocks 

The  ore  deposits  in  the  igneous  rocks  are  confined  to  the  southern 
half  of  the  district,  where  they  occur  as  veins  in  well-defined  stretch 
fissures  in  the  Sunbeam  monzonite  and  Swansea  rhyolite.  The  veins 
are  as  a  rule  nearly  vertical  with  frequent  croppings  at  the  surface.  They 
have  general  north-south  courses  but  vary  from  N.  20°  W.  to  N.  45°  E. 
One,  the  Sunbeam,  has  been  worked  through  a  length  of  2,000  ft.  on  the 
strike,  but  most  of  them  pinched  out  at  a  distance  of  a  few  hundred  feet. 

As  shown  by  the  old  workings,  the  veins  vary  in  width  from  a  few 
inches  to  10  ft.,  usually  pinching  with  depth.  The  average  width  is 
about  2  ft.  The  ore  in  its  unaltered  state  consisted  of  silver-lead  sul- 
phides and  sulpharsenides,  occurring  in  bands  and  lenses  in  a  gangue  of 
quartz  and  pyrite.  These  materials  constituted  about  three-quarters 
of  the  mass  of  the  vein.  Considerable  copper  occurred  in  some  of  the 
southern  mines,  while  those  in  the  north  have  produced  lead  and  silver 
almost  exclusively.  Gold  occurred  sparingly  in  but  few  of  the  de- 
posits. Ground-water  level  was  usually  encountered  at  a  depth  of 
from  200  to  700  ft.,  depending  upon  the  proximity  of  the  sediments. 
Above  water  level,  the  ores  assumed  the  usual  oxidized  character,  with 
some  secondary  enrichment.  Below  ground-water  level  there  was 
marked  decrease  in  the  value  and  size  of  the  orebodies.  This  and  water 
troubles  usually  caused  an  early  cessation  of  mining,  and  today  all 
these  properties,  with  one  or  two  exceptions,  are  indefinitely  abandoned. 
Since  the  closing  of  the  Swansea  mines  in  1913  there  has  been  no  note- 
worthy production  from  deposits  of  this  type. 

3.  Replacements  in  Ldmestone 

The  orebodies  of  this  type  are  confined  to  the  northern  half  of  the 
Tintic  district,  and  include  all  the  now  productive  mines.  Mining 
operations  have  developed  four  nearly  parallel  ore-bearing  zones,  within 
which  the  orebodies  appear  to  be  virtually  continuous,  though  at  inter- 
vals the  connections  may  be  mere  seams  of  quartz.  These  zones  have  a 
general  north-south  direction  and  may  be  defined  as  follows: 

1.  The  Eureka  zone,  including  the  Centennial  Eureka  mine  on  the 
south  and  extending  through  the  Eureka  HUl,  Bullion  Beck,  and  Gemini 
mines  to  the  Ridge  and  Valley  mine  on  the  north. 
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2.  The  Mammoth  zone,  begiiming  at  the  Black  Jack  mine  on  the 
south  and  extending  through  the  Lower  Mammoth,  Phoenix,  Gold  Chain, 
Mammoth,  Grand  Central,  Victoria,  Eagle,  and  Blue  Bell  mines  to  the 
Chief  Consolidated  mine  on  the  north. 

3.  The  Godiva-Sioux  Mountain  zone,  beginning  at  the  North  Star 
mine  on  the  south  and  extending  through  the  Red  Rose,  Carisa,  North- 
ern Spy,  Utah,  Uncle  Sam,  Yankee,  May  Day,  and  Apex  mines  to  the 
Godiva  mine  on  the  north. 

4.  The  Iron  Blossom  zone,  beginning  at  the  Dragon. Consolidated 
mine  on  the  south  and  extending  through  the  Black  Dragon,  Governor, 
Iron  Blossom  Nos.  1  and  3,  Sioux  Consolidated,  Colorado  Nos.  1  and 
2,  and  Beck  Tunnel  No.  1  mines  to  the  Beck  Tunnel  No.  2  mine  on  the 
north. 

As  might  be  inferred,  these  four  zones  include  all  the  mines  that  have 
produced  this  type  of  ore.  The  Eureka  zone  is  the  shortest,  and  at  its 
northern  end  is  divided  into  two  or  more  channels.  At  its  southern  end, 
it  appears  to  connect  with  the  Mammoth  zone,  through  the  Grand 
Central  mine,  in  which  case  it  is  a  branch  of  the  Mammoth  zone.  These 
two  zones  lie  on  the  west  limb  of  the  syncline,  where  the  beds  are  nearly 
vertical  and  their  orebodies  have  great  vertical  range. 

The  other  zones  are  well  defined  throughout  their  length  of  about  2 
miles  and  apparently  have  no  interconnections.  They  lie  near  the  trough 
of  the  syncUne  and  their  orebodies  are  correspondingly  shallow. 

Occurrence  of  the  Ore. — ^Like  replacement  deposits  in  general,  those  of 
Tintic  are  very  irregular  in  form,  but  in  both  shape  and  size  they  are 
governed  within  certain  limits  by  the  associated  structures.  This  ex- 
plains the  dissimilarity  in  occurrence  of  the  orebodies  in  the  diflferent 
zones. 

In  the  Eureka  and  Mammoth  zones,  which  are  in  the  nearly  vertical 
beds  of  the  west  limb  of  the  syncline,  ore  has  been  mined  from  the  surface 
to  the  depth  of  1,800  ft.;  the  orebodies  as  a  rule  conforming  very  closely 
to  the  bedding  in  both  strike  and  dip. 

If  any  one  form  of  orebody  can  be  said  to  be  typical  of  these  zones,  it 
is  that  of  an  irregular  sheet,  pinching  and  s\>^elling  along  the  line  of  the 
beds,  and  feathering  upward  into  chimneys  or  pipes. 

In  an  earlier  report  on  the  Tintic  district*  reference  is  frequently  made 
to  the  north-south  fissures,  which,  it  is  contended,  have  governed  the 
course  of  the  ore  channels.  The  writer's  investigations  have  not  con- 
firmed the  common  presence  of  such  north-south  fissures  within  the  ore 
zones,  but,  on  the  contrary,  have  gone  to  show  that  practically  all  the 
major  faulting  and  fissuring  in  the  district  is  of  the  nearly  east- west  or 
transverse  type. 

*  Tower  and  Smith:  Geology  and  Mining  Industry  of  the  Tintic  District,  Utah. 
\9th  Annual  Report ,  U.S.  Geological  Survey  y  Part  III. 
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Where  the  ore  channel  is  crossed  by  faults  or  zones  of  fracture,  there 
is  usually  an  enlargement  of  the  orebody  along  the  line  of  intersection  of 
the  faulting  and  the  bedding.  This  gives  rise  to  another  very  common 
type  of  orebody,  characteristic  of  the  western  zones,  where  it  is  usually  the 
most  largely  productive  form. 

At  the  intersection  of  the  ore  channel  by  a  fault,  it  is  not  an  uncommon 
occurrence  to  find  that  the  line  of  mineralization  turns  from  the  plane  of 
the  beds  and  follows  the  fault  for  distances  up  to  100  ft.  or  more,  before 
again  taking  the  usual  course  along  the  beds.  Occurrences  of  this  kind 
probably  also  account  for  the  occasional  division  of  a  single  ore  channel 
into  two  or  more  parallel  ore  channels. 

In  the  Godiva-Sioux  Mountain  zone,  the  known  orebodies  have 
smaller  vertical  extent  but  greater  lateral  variation  than  do  those  in  either 
the  Eureka  or  Mammoth  zones.  This  is  probably  due  to  the  fact  that 
the  Godiva-Sioux  Mountain  zone  lies  nearer  the  trough  of  the  syncline 
where  the  beds  dip  at  relatively  lower  angles,  seldom  exceeding  60^  and 
sometimes  as  low  as  15^. 

In  the  Iron  Blossom  zone,  particularly  in  its  northern  half,  we  find 
still  greater  restriction  in  both  vertical  and  lateral  extent  of  the  ore  than 
in  any  of  the  other  ore  zones.  This,  again,  can  be  attributed  to  the  con- 
trolling influence  of  the  structure,  since  this  portion  of  the  zone  takes 
a  course  directly  in  the  trough  of  the  syncline.  The  south  half  of  the  zone 
traverses  beds  dipping  at  angles  up  to  30^,  and  here  the  orebodies  re- 
semble more  closely  in  form  those  of  the  Godiva-Sioux  Mountain  zone. 

Influence  of  Texture  and  Composition, — Next  in  importance  to  struc- 
tural control  is  that  of  the  texture  and  composition  of  the  limestone. 
Other  things  being  equal,  the  coarser-grained,  softer,  and  less  siliceous 
limestones  are  more  susceptible  to  mineralization  than  are  the  fine-grained, 
more  siUceous  and  harder  ones,  while  the  associated  shales,  sandstones, 
slates,  and  quartzite  are  uniformly  barren.  This  principle  is  well  ex- 
emplified in  all  the  Tintic  replacement  deposits,  as  well  as  in  the  replace- 
ment deposits  of  other  districts. 

Among  the  several  formations  described  above,  there  are  only  four 
which  are  known  to  be  ore  bearing.  These  are  the  Centennial,  Gemini, 
Chief  Consolidated,  and  Humbug  limestones.  In  each  case  the  ore- 
bearing  formation  contains  several  horizons  of  coarse,  soft,  and  relatively 
pure  limestone,  while  the  remaining  formations  are  more  generally  fine- 
grained, hard  and  siliceous,  in  that  they  carry  varying  proportions  of 
shale  and  sand. 

The  influence  of  magnesia  in  the  limestone  is  not  clearly  shown.  One 
dolomitic  horizon  in  the  Chief  Consolidated  formation  is  quite  generally 
mineralized,  while  another  is  only  sparingly  so.  The  dolomites  are 
usually  coarse  grained — a  favorable  factor,  which  may  offset  the  disad- 
vantages of  diflference  of  solubility. 
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Zone  of  Oxidation. — By  reason  of  the  folded  and  broken  state  of  the 
limestone  beds,  the  ground-water  level  is  extremely  low  (about  4,765  ft. 
above  sea  level),  in  the  sedimentary  rocks.  This  puts  it  at  depths  be- 
neath the  surface  of  from  2,300  ft.  in  the  higher  properties  to  1,500  ft.  in 
those  having  shafts  at  relatively  lower  positions.  This  condition  has  led 
to  more  or  less  complete  oxidation  of  the  original  sulphide  ores,  with  some 
downward  segregation  of  the  ore  minerals,  and  some  enrichment  due  to 
shrinkage  in  volume. 

V.  The  Ore 

Very  little  ore  has  been  mined  below  ground-water  level;  but  develop- 
ments have  demonstrated  its  continuity  into  that  zone,  and  something 
as  to  its  original  sulphide  character.  Above  the  water  table  the  ore  is 
largely  oxidized. 

1.  Physical  Character 

The  oxidized  ore  is  usually  massive  and  granular  and  quite  without 
structure.  A  distinct  banding,  observed  locally,  is  attributed  by  some 
to  the  preservation  of  an  original  banding  in  the  replaced  limestone. 
Some  soft  ocherous  material,  which  usually  caps  the  orebodies,  is  thinly 
laminated  or  stratified — the  effect  of  transportation  and  redeposition 
during  the  process  of  oxidation.;  Material  of  this  t3rpe  is  usually  found 
capping  the  larger  bodies  of  oxidized  ore  and  is  encountered  more 
particularly  in  the  higher  levels  of  the  oxidized  zone. 

2.  Mineral  Composition 

The  ore  minerals  contain  gold,  silver,  lead,  copper,  and  zinc,  in  a 
gangue  composed  mainly  of  quartz  and  some  pyrite  in  the  unaltered 
ore,  but  with  important  quantities  of  calcite  and  iron  and  manganese 
oxides,  and  smaller  amounts  of  barite  and  dolomite  in  the  oxidized  ore. 

Gold  ia  seldom  visible,  but  occurs  locally  in  the  native  state.  Silver 
occurs  native,  and  where  unoxidized  as  the  sulphide  (argentite)  and  the 
antimonial  sulphide  (stephanite) ;  but  the  original  compounds  are  usu- 
ally altered  to  the  chloride  (cerargyrite,  or  horn  silver).  Lead  occurs 
originally  as  the  sulphide  (galena),  but  is  largely  altered  to  the  car- 
bonate (cerussite),  with  smaller  amounts  of  the  sulphate  (anglesite),  and 
one  or  two  rarer  forms.  Copper  occurs  originally  as  the  sulpharsenide 
(enargite),  but  is  usually  altered  to  the  hydrous  silicate  (chrysocolla) 
and  the  hydrous  carbonates  (malachite  and  azurite).  Some  native 
copper  has  been  observed  which  may  be  in  part  original.  Zinc  occurs 
originally  as  the  sulphide  (sphalerite),  but  is  usually  altered  to  the 
carbonate  (smithsonite)  or  the  hydrous  silicate  (calamine),  with  small 
amounts  of  one  or  two  rarer  forms. 
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3.  Distrilmtion  of  the  Ore  Minerals 

From  the  earliest  days  an  important  variation  in  the  north  and 
south  distribution  of  the  ore  minerals  in  the  several  ore  zones  has  been 
noted.  It  appears  that  gold-copper  ores  predominate  at  the  south  end 
of  the  zones,  gradually  giving  place  to  increasing  proportions  of  silver- 
lead  ores  to  the  north,  where  the  latter  minerals  predominate.  As  a  re- 
sult, the  mines  in  the  vicinity  of  Mammoth  have  been  chiefly  producers 
of  copper  and  gold,  while  those  in  the  vicinity  of  Eureka  are  chiefly  pro- 
ducers of  silver  and  lead.  Zinc  is  found  associated  with  the  ore  of  both 
ends  of  the  district,  probably  more  frequently  in  the  mines  at  the  north. 
Vertically  the  ore  zones  show  no  such  striking  variation  in  mineral 
content;  but  generally  the  good  gold  stopes  are  in  the  upper  levels. 

The  vertical  extent  of  an  ore  zone  is  governed  primarily  by  the 
accompanying  structures.  The  more  nearly  vertical  are  the  inclosing 
beds  the  greater  the  vertical  range  of  the  orebody.  The. presence  of 
faults  and  fissures  also  favors  greater  vertical  range,  irrespective  of  the 
angle  of  the  bedding.  Their  influence  is  greatest,  of  course,  where  the 
bedding  is  nearly  vertical.  The  large  orebody  in  the  south  end  of  the 
Chief  Consolidated  mine,  which  has  a  vertical  range  of  1,000  ft.  or  more, 
rakes  along  the  inclined  line  of  intersection  of  vertical  beds  and  a  large 
cross  break. 

4.  Origin  of  the  Ore 

The  occurrence  of  the  Tintic  deposits  both  within  the  monzonite  and 
in  the  immediately  adjacent  limestones;  the  character  of  the  mineraliza- 
tion, which  is  now  generally  considered  to  be  due  to  the  action  of  hot 
solutions;  the  progressive  change  in  the  mineral  composition  of  the 
ore  with  increased  distance  from  the  monzonite — all  point  to  this  rock 
as  the  prime  factor  in  the  mineralization.  In  this  respect,  the  deposits 
of  Tintic  are  like  the  many  others  in  the  southwestern  part  of  the  United 
States,  and  particularly  in  western  Utah,  which  are  as  a  rule  closely  con- 
nected in  origin  with  igneous  (commonly  monzonite)  intrusions. 

The  localization  of  the  deposits  within  the  monzonite  was  determined 
by  the  formation  of  stretch  fissures  within  the  congealing  magma,  which 
furnished  channels  of  circulation  for  the  hot  solutions  that  were  given  off 
during  the  period  of  cooling.  These  hot  solutions  chloritized  the  ferro- 
magnesian  minerals,  sericitized  the  feldspars  of  the  wall  rocks,  and 
filled  the  fissures  with  an  aggregate  of  quartz,  pyrite,  galena,  sphalerite, 
barite,  and  some  copper,  silver,  and  gold  minerals,  probably  because  of 
a  decrease  in  pressure  and  temperature  as  the  solutions  approached  the 
surface.  .Alteration  above  ground-water  level  has  changed  these  minerals 
to  their  oxidized  equivalents,  with  some  secondary  enrichment. 

The  localization  of  the  deposits  in  the  limestone  was  controlled  in 
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part  by  the  attitude  and  character  of  the  beds  and  in  part  by  the  presence 
of  fissures,  some  of  which  were  probably  produced  during  the  period  of 
monzonite  intrusion. 

Following  the  fissures  caused  by  the  intrusion,  the  hot  mineral- 
bearing  solutions  found  their  way  through  the  fractured  and  meta- 
morphosed zone  into  the  unaltered  limestone,  where  they  naturally  took 
the  easiest  avenue  afforded.  This,  in  the  absence  of  open  faults  and 
fissures,  was  the  plane  of  the  bedding. 

Where  the  dip  of  the  beds  approached  the  vertical,  the  solutions 
found  channels  at  various  elevations,  ascending  or  descending  as  con- 
ditions allowed,  but  laterally  confined  to  relatively  narrow  limits.  Flat- 
lying  and  low-pitching  beds,  on  the  other  hand,  have  tended  to  confine 
the  solutions  to  a  more  nearly  horizontal  course,  at  the  same  time  per- 
mitting greater  lateral  shift. 

At  the  intersection  of  faults,  the  solutions  were  allowed  to  spread 
out  both  v^ically  and  laterally,  producing  orebodies  of  large  size  and 
great  vertical  range. 

The  process  of  mmeralization  has  been  primarily  a  replacement  of 
the  Umestone  with  quartz  and  varying  proportions  of  copper,  lead, 
zinc,  and  silver  sulphides,  presumably  due  to  decreasing  temperature 
and  pressure  in  the  solutions  as  they  run  their  northerly  course. 

Soft,  coarse-grained,  nearly  pure  limestones  have  been  much  more 
readily  replaced  by  the  solutions  than  the  harder,  fine  grained,  and 
more  siliceous  beds.  Certain  horizons  of  the  latter  type,  even  where 
directly  in  the  course  of  the  mineraUzed  zone,  are  found  to  be  uniformly 
barren. 

VI.  Prospects  for  the  Future 

Of  the  four  zones  so  far  developed,  not  one  has  been  traced  to  a 
logically  demonstrated  terminus;  and  it  is  by  no  means  established  that 
similar  and  equally  productive  zones  do  not  exist,  still  undiscovered,  in 
the  district. 

Since  the  inception  of  mining,  following  the  first  discovery  in  1869, 
the  trend  of  production  in  the  district  has  been  steadily  upward.  Great 
mines  have  come  and  gone;  but  there  have  been  always  new  ones  to 
take  their  places.  The  greatest  production  in  the  district's  history  was 
attained  but  two  years  ago,  and  that  of  the  coming  twelve  months 
promises  to  exceed  it.  In  view  of  these  facts,  and  of  the  tendency  to 
better  and  more  improved  methods  of  mining  as  our  knowledge  of  the 
deposits  is  extended,  the  conclusion  is  inevitable  that  the  Tintic  district 
has  still  to  experience  the  most  prosperous  period  in  its  history. 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPE  R  IS  I  NY ITED.  It  should  preferably  be  preeented  in  pereon  at  the 
New  York  meeting,  February,  1916,  when  an  abatraot  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  Amerioan  Institute  of  Mining  Engineers,  29  West 
30th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  April  1, 1916.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Measurement  of  the  Temperature  Drop  in  Blast-Fumace  Hot-Blast 

Mains 

BT  R.   J.   WT80R,*   SOUTH  BETHLEHEM,   PA. 
(New  York  Meeting,  February,  1916) 

More  than  two  years  ago,  in  making  efficiency  tests  on  our  hot-blast 
stoves,  I  was  surprised  to  discover  a  marked  difference  in  temperature  as 
indicated  by  a  pyrometer  inserted  near  a  stove  on  blast,  and  the  regular 
recording  instrument  situated  near  the  bustle  pipe.  A  special  hole  was 
then  provided  at  the  junction  of  the  hot-blast  mam  and  the  bustle  pipe, 
and  portable  pyrometers  with  bare  fire  ends  were  used,  both  at  this  point 
and  in  the  stove  necks.  I  had  occasion  to  make  a  number  of  such 
tests  qn  various  stoves  on  the  same  furnace,  the  difference  in  tem- 
perature as  shown  by  the  two  pyrometers  varying  chiefly  with  the  tem- 
perature of  the  blast,  and  the  distance  of  the  stove  from  the  furnace. 
However,  this  difference  was  always  great,  often  averaging  above  100°  F., 
for  the  entire  period  of  a  stove  on  blast.  Later,  experiments  were  made 
with  similar  results  on  another  group  of  stoves.  The  pyrometers  used 
were  properly  standardized  and  checked  against  each  other  before  and 
after  each  test. 

However,  there  was  still  a  sUght  doubt  as  to  the  accuracy  of  the 
results  obtained,  as  subsequently  explained.  But  I  have  obtained 
corroboration  of  the  magnitude  of  heat  losses  from  blast-furnace  hot- 
blast^mains  from  two  independent  sources.  I  have  learned  from  H.  A. 
Brassert,  Superintendent  of  Blast  Furnaces,  South  Works,  Illinois  Steel 
Co.,  that  he  has  recently  done  some  experimental  work  similar  to  my 
own,  and  found  temperature  drops  of  the  same  order  of  magnitude. 
Also,  C.  R.  Lyle,  of  the  Armstrong  Cork  Co.,  has  made  some  interesting 
theoretical  calculations,  based  on  the  thermal  conductivity  of  fire  brick, 
for  the  particular  conditions  of  several  of  our  tests;  and  his  theoretical 
interpolations,  all  facts  being  considered,  check  our  actual  observations 
fairly  well.  I  understand  that  Mr.  Lyle  expects  to  publish  the  results  of 
his  investigations. 

Method  of  Conducting  the  Tests 

The  location  of  the  pyrometer  fire  ends  is  shown  in  Fig.  1,  a  plan  of 
Bethlehem  Steel  Co.'s  ''G''  blast  furnace,  hot-blast  stoves,  and  main. 
Bare  fire  ends  were  used  at  both  positions  "A"  and  ''B,"  being  inserted 

*  Chief  Chemist,  Bethlehem  Steel  Co. 
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SO  as  to  project  about  8  in.  inside  the  fire-brick  lining  of  the  horizontal 
stove  neck  and  hot-blast  main  respectively.  Readings  were  taken 
simultaneously  at  both  positions  at  3  to  5  min.  intervals  from  the  time 
the  stove  was  put  on  until  it  was  taken  off  blast.  As  a  check  on  pyrome- 
ter B,  we  had  the  regular  recording  pyrometer  located  only  a  few 
feet  away  in  the  hot-blast  main.    The  results  of  the  latter  were  slightly 


FiQ.  1. — Plan  showing  Hot-Blast  Main  and  Connections — "G"  Fubnacb— 

AND  Location  of  Ptrombtbbs. 

lower  on  account  of  the  fire  end  being  shrouded  with  asbestos  packing 
in  a  metal  tube. 

Three  possible  sources  of  error  were  suspected:  high  readings  of 
pyrometer  A,  due  to  radiation  from  heated  brick  work  of  the  stove  neck 
or  adjacent  parts  of  the  stove;  uneven  temperature  of  the  hot  blast 
passing  through  the  cross-section  in  which  pyrometer  A  was  located; 
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FiQ.  2. — Test  1.    CintvES  SHOwiKa  Difference  in  Teuperatitre  between  Points 
IN  HoT-BuAT  Main,  "E"  Fobnagb,  while  Stove  was  on  Blast,  Oct.  10,  1912. 

Pyrometer  A,  between  stove  No.  6  and  hot-blaat  valve. 

I^romet«r  B,  at  junction  of  main  and  bustle  pipe. 


Fia.  4. — Test  3.    Curves  bhowino  Difference  in  Temperature  between  Points 
IN  HoivBlast  Main,  "G"  Furnace,  while  Stove  was  on  Blast,  Nov.  10,  1913. 

Pyrometer  A,  between  stove  No.  S  and  bot-blost  valve. 

I^rometer  B,  at  junction  of  main  and  bustle  pipe. 
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low  readings  of  pyrometer  B  due  to  leakage  of  the  cold-blast  valve. 
Both  direct  and  indirect  information  leads  me  to  believe  it  unlikely  that 
appreciable  error  has  occurred  due  to  any  of  these  causes. 

The  accompanying  diagrams  and  tables,  selected  from  a  number,  show 
typical  conditions  for  the  two  furnaces  in  question.  Tests  were  not 
made  on  other  furnaces,  because  of  the  objectionable  feature  of  breaking 
out  brick  work  in  the  hot-blast  main,  with  resulting  danger  of  hot  spots. 

Unfortimately,  no  tests  were  made  on  comparatively  low  blast  heats. 
On  account  of  smelting  hard,  lumpy  ores,  we  usually  carry  high  blast 
temperatures  at  Bethlehem,  and  generally  operate  five  stoves.  The  two 
runs  on  No.  6  stove,  "G"  fmrnace,  show  unusually  high  blast  tem- 
peratures and  this  particular  hot-blast  main,  for  engineering  reasons,  is 
considerably  longer  than  normal.  The  results  show  the  high  losses 
obtaining  for  such  conditions.  The  "E"  furnace  test  is  more  nearly 
reptesentative,  though  the  average  temperature  is  still  higher  than  for 
furnaces  smelting  large  percentages  of  Mesabi  ores. 

General  Data  and  Dimensions 

For  purposes  of  calculation  the  following  data  in  connection  with 
"G"  furnace  and  hot-blast  main,  with  connections,  will  be  of  interest. 
The  furnace  is  rated  at  600  tons  capacity.  It  is  served  by  five  three-pass 
McClure  stoves,  22  ft.  diameter  by  100  ft.  high,  connecting  to  the  hot- 
blast  main  through  Kennedy-Morrison  hot-blast  valves.  The  diameter, 
and  the  thickness  of  brick  work  in  all  the  500-ton  furnace  hot-blast  mains 
are  the  same. 

Outside  diameter  of  hot-blast  main 48?i    in. 

Thickness  of  steel  shell %    in. 

Thickness  of  fire-brick  lining 9       in. 

Length  of  hot-blast  main  on  center  line  from  hot-blast  valve,  No.  5  stove, 

to  buttle  pipe 192        ft. 

Length  of  bustle  pipe  on  center  line 115        ft. 

Distance  between  pyrometers  A  and  B 218        ft. 

Approximate  total  radiating  surface  corresponding  to  this  distance ....  2,606  sq.  ft. 

Approximate  total  radiating  surface  of  five  stoves 38,500  sq.  ft. 

Approximate  total  radiating  surface  of  five  hot-blast  valves  and  con- 
nections to  stoves  and  main 1,286  sq.  ft. 

Approximate  total  radiating  surface  of  hot^last  main  proper 2,373  sq.  ft. 

Approximate  total  radiating  surface  of  bustle  pipe 1,474  sq.  ft. 

Approximate  total  radiating  surface  of  10  leg  pipes 370  sq.  ft. 

Approximate  total  radiating  surface  of  10  blow  pipes  and  tuyeres 110  sq.  ft. 

Approximate  total  radiating  surface  between  No.  5  stove  and  furnace . .  4,560  sq.  ft. 

Approximate  total  radiating  surface  between  No.  1  stove  and  furnace . .  2,965  sq.  ft. 

Approximate  total  radiating  surface  between  all  stoves  and  furnaces . .  5,613  sq.  ft. 

For  most  of  its  length,  the  hot-blast  main  is  supported  15  ft.  above 
the  ground.  The  stoves  and  entire  hot-blast  system  are  protected  with 
black  stack  paint. 
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Logs  op  Three  Typical  Tests 

The  figures  given  under  each  of  the  subsequent  tests  represent  actual 
conditions  at  the  furnace  at  the  time  observed,  except  the  wind  velocities, 
which  arjB  averages  for  the  day  obtained  by  the  Philadelphia  station  of 
the  Weather  Bureau;  little  significance  is  to  be  attached  to  them.  The 
hot-blast  mains  of  both  of  the  furnaces  concerned  are  fairly  well  pro- 
tected from  prevailing  winds,  and  the  actual  velocity  of  the  air  passing 
over  them  probably  did  not  exceed  4  miles  per  hour  in  any  test. 

Of  course,  the  ei^act  condition  of  the  brick  work  in  the  hot-blast  main 
could  not  be  determined  at  the  time  of  the  tests.  Only  slight  repairs 
were  found  to  be  necessary  when  the  mains  were  opened  after  the  pre- 
ceding runs  on  the  two  furnaces  concerned;  and  after  being  blown  out 
again,  the  mains  were  still  in  fair  condition,  and  no  general  repairs  were 
necessary.  Obviously  we  may  assume  that  no  great  erosion  of  the  brick 
throughout  the  hot-blast  system  had  occurred  up  to  the  time  of  the  test. 

No  pyrometer  readings  were  taken  for  the  first  few  minutes  after  the 
stove  was  changed  from  gas  to  blast. 

Test  No.  1 

Date Oct.  10,  1912 

Furnace *'E" 

Product Standard  basic 

Time  furnace  was  in  blast  prior  to  test 7  months 

Time  furnace  was  in  blast  after  test 19  months 

Stove No.  5 

Average  atmospheric  temperature 72**  F. 

Average  wind  velocity,  miles  per  hour 5.8 

Precipitation None 

Average  blast  pressure 16.3  lb. 

Average  free  air  blown  per  minute,  at  62^  F.  and  30  in.  barometer. .  32,000  cu.  ft. 

Pyrometer  Readings 

Time  Pyrometer  A  Pyrometer  B 

A.  11.  £>egree8  F.  Degrees  F. 

10.20  1,480  1,330 

10.25  1,400  1,280 

10.30  1,350  1,255 

10.35  1,310  1,230 

10.40  1,275  1,200 

10.45  1,235  1,160 

10.50  1,215  1,145 

10.55  1,185  1,120 

11.00  1,180  1,110 

11.05  1,165  1,100 

11.10  1,150  1,095 

11.15  1,130  1,075 

11.20  M20  1,060^ 

Average  1,246  1,166 

Total  time  stove  was  on  blast 65  min. 

Direct  average  difference  in  temperature  between  pyrometers  A  and  B .  79*^  F. 
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Test  No.  2 

Date Nov.  6,  1913 

Furnace "G"  • 

Product Bessemer 

Time  furnace  was  in  blast  before  test 13  months 

Time  furnace  was  in  blast  after  test 13  months 

Stove No.  5 

Average  atmospheric  temperature 60^  F. 

Average  wind  velocity,  miles  per  hour 6.1 

Precipitation None 

Average  blast  pressure 19.0  lb. 

Average  free  air  blown  per  minute,  at  62*  F.  and  30  in.  barometer 33,500  cu.  ft. 


Pyrometer  Readinga 


Time 

p.  M. 

Pyrometer  A 
i^egreesF. 

Pyrometei 
Degrees 

3.00 

1,720 

1,560 

3.03 

1,700 

1,550 

3.06 

1,670 

1,530 

3.09 

1,660 

1,520 

3.12 

1,645 

1,510 

3.16 

1,625 

1,500 

3.18 

1,610 

1,480 

3.21 

1,595 

1,470 

3.24 

1,585 

1,460 

3.27 

1,570 

1,450 

3.30 

1,550 

1,440 

3.33 

1,535 

1,420 

3.36 

1,525 

1,410 

3.39 

1,510 

1,400 

3.42 

1,500 

1,400 

3.45 

1,490 

1,390 

3.48 

1,475 

1,380 

3.51 

1,460 

1,380 

Average  1,579  1,459 

Total  time  stove  was  on  blast 55  min. 

Direct  average  difference  in  temperature  between  pyrometers  A  and  B.  120*  F. 

Test  No.  3 

Date Nov.  10,  1913 

Furnace "G" 

Product Bessemer 

Time  furnace  was  in  blast  before  test 13  months 

Time  furnace  was  in  blast  after  test 13  months 

Stove No.  5 

Average  atmospheric  temperature 51*  F. 

Average  wind  velocity,  miles  per  hour 16.7 

Precipitation None 

Average  blast  pressure 18.6  lb. 

Average  free  air  blown  per  minute,  at  62*  F.  and  30  in.  barometer. . .  33,500  cu.  ft. 
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Pyrometer  Readings 


Time 

l^rometer  A 
Degrees  F. 

Pyrometer  B 
DegreeeF. 

p.  H. 

3.20 

1,610 

1,450 

3.22 

1,610 

1,440 

3.24 

1,690 

1,440 

3.26 

1,690 

1,435 

3.28 

1,665 

1,430 

3.30 

1,665 

1,425 

3.32 

1,546 

1,420 

3.34 

1,530 

1,410 

3.36 

1,530 

1,410 

3.38 

1,520 

1,405 

3.40 

1,510 

1,400 

3.42 

1,490 

1,395 

3.44 

1,485 

1,385 

3.46 

1,480 

1,380 

3.48 

1,470 

1,375 

3.50 

1,470 

1,370 

3.52 

1,460 

1,365 

3.54 

1,450 

1,365 

3.66 

1,440 

1,360 

3.58 

1,440 

1,355 

• 

4.00 

1,435 

1,350 

4.02 

1,425 

1,350 

4.04 

1,420 

1,345 

4.06 

1,400 

1,340 

4.08 

1,400 

1,335 

4.10 

1,395 

1,330 

4.12 

1,395 

1,325 

4.14 

1,390 

1,320 

Average 

1,486 

1,382 

1*0 tal  time  stove  was  on  blast. . . . 

. .  64  min. 

Direct  average  difference  in  temperature 

. .  104 'F. 

Discussion  op  Test  Data 

For  sake  of  illustration,  the  approximate  amount  of  heat  lost  be- 
tween the  farthest  stove  and  the  bustle  pipe,  according  to  Test  No.  3 
will  be  calculated. 


Cubic  feet  free  air  blown  per  minute  at  62°  F.  and  30  in.  barometer. 33, 500 
Pounds  free  air  blown  per  minute  at  62^  F.  and  30  in.  barometer —  2,548 

Average  temperature  at  stove  No.  5. 1,486°  F. 

Average  temperature  at  bustle  pipe 1,382°  F. 

Average  difference  in  temperature 104°  F. 
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Using  specific-heat  data  on  the  basis  of  constant  pressure,  we  find: 

Total  sensible  heat  (above  62^  F.)  in  air  blown  per  minute  at  stove 

No.  5,  approximately 926,400  B.t.u. 

Total  sensible  heat  (above  62^  F.)  in  air  blown  per  minute  at  bustle 

pipe,  approximately 856,400  B.t.u. 

Loss  in  sensible  heat  per  minute 70,000  B.t.u. 

Average  loss  per  square  foot  surface  per  minute 26.86  per  cent. 

Percentage  loss  in  sensible  heat  above  62°  F 7.7  per  cent. 

If  there  is  an  appreciable  pressure  drop  in  the  hot-blast. main  due  to 
friction,  and  to  heat  lost  by  radiation  and  conduction,  part  of  the  above 
temperature  and  sensible-heat  loss  would,  of  course,  be  accounted  for 
as  due  to  expansion  of  the  blast  with  concomitant  absorption  of  heat. 
We  have  made  no  tests  to  ascertain  the  actual  change  of  pressure  between 
the  stoves  and  the  furnace,  nor  have  I  seen  any  data  published  on  this 
subject..  However,  whatever  may  be  the  loss  of  temperature  due 
directly  to  blast  expansion,  it  is  reasonable  to  suppose  that  expansion  of 
the  blast  in  turn  is  largely  caused  by  heat  lost  by  radiation  and  con- 
duction into  the  atmosphere. 

From  the  foregoing  data  it  will  be  seen  that  in  the  tests  on  No.  5 
stove,  '*G"  furnace,  we  have  measured  the  temperature  drop  due  to  only 
about  three-fifths  of  the  total  radiating  and  conducting  surface  between 
the  last  stove  and  the  furnace,  along  the  direct  path  of  the  blast.  It 
will  be  realized,  of  course,  that  there  are  also  considerable  losses  between 
the  main  and  the  hot-blast  valves  of  the  other  stoves.  While  the 
temperature  will  not  continue  to  drop  in  the  brick-Uned  bustle  pipe  and 
leg  pipes  as  rapidly  as  in  the  outlying  sections  of  hot-blast  main,  it  will 
still  be  appreciable.  And  though  the  total  radiating  and  conducting 
surface  of  the  bare  blow  pipes  and  water-cooled  tuyeres  is  relatively  small, 
the  loss  of  heat  per  unit  area  is  relatively  great. 

In  the  course  of  this  investigation,  I  determined  the  average  thermal 
loss  due  to  cooling  water  from  each  hot-blast  valve,  with  an  average 
blast  temperature  of  1,360°  F.  and  volume  of  about  33,000  cu.  ft.  free 
air  per  minute  under  standard  conditions,  to  be  approximately  10,000 
B.t.u.  per  minute.  This  was  done  simply  by  measuring  the  discharge 
water  from  the  valve  and  from  the  valve  seat,  and  determining  the 
temperature  of  affluent  and  effluent  water.  Under  the  conditions  of 
the  above  test  No.  3,  this  would  correspond  to  at  least  15, per  cent,  of 
the  total  heat  loss  measured  in  the  part  of  the  hot-blast  system  under 
investigation.  The  large  water-cooled  surfaces  of  the  mushroom  type 
of  valve  in  general  use,  and  the  high  thermal  conductivity  of  these  bronze 
or  copper  parts,  accounts  for  the  considerable  heat  loss.  In  this  con- 
nection it  is  interesting  to  note  that  Mr.  Brassert  is  installing  a  new 
type  of  gate  valve,  having  much  smaller  water-cooled  surface  in  contact 
with  the  blast. 
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The  greatest  heat  loss  in  the  hot-blast  system  occurs,  of  course,  when 
the  stove  farthest  from  the  furnace  is  on  blast.  However,  when  one  of 
the  nearer  stoves  is  on  blast,  there  must  still  be  considerable  radiation 
and  conduction  losses  from  the  idle  portions  of  the  main  and  connections. 

It  is  not  my  purpose  to  discuss  at  length  in  this  paper  the  radiation 
and  conduction  losses  from  hot-blast  stoves.  A  good  deal  has  been  pub- 
lished on  this  subject  and  most  blast-furnace  superintendents  know 
about  what  losses  are  chargeable  to  this  source. 

We  tare  how  experimenting  at  Bethlehem  with  a  special  insulating 
brick  for  reducing  heat  losses  from  the  hot-blast  main.  Two  straight  sec- 
tions of  the  main,  about  15  ft.  long  each,  between  hot-blast  valve  con- 
nections, have  been  lined  with  4^^  in.  of  special  insulating  brick,  back  of 
4)^  in.  of  fire  brick,  and  have  been  in  service  several  months.  Although 
an  appreciably  lower  temperature  of  the  shell  on  the  outside  of  these 
sections  was  found  than  on  other  sections  of  the  same  main,  the  dif- 
ference was  not  as  great  as  had  been  calculated,  doubtless  by  reason  of 
the  high  thermal  conductivity  of  the  steel  shell,  with  consequent  rapid 
transmission  between  adjacent  sections.  It  was  not  deemed  wise  to 
use  these  bricks  in  bends  of  the  main,  or  in  the  short  connections  to  hot- 
blast  valves  or  stoves.  Where  there  is  a  change  of  direction,  fire  brick 
are  eroded  more  rapidly  by  the  "sand-blast"  action  of  dust  in  the  hot 
blast;  and  if  the  inner  course  of  fire  brick  should  be  pierced,  the  soft 
insulating  brick  would  be  cut  out  with  comparative  rapidity.  This 
doubtless  would  be  likewise  the  fate  of  any  other  ordinary  insulating 
material  simUarly  used. 

Estimates  have  also  been  prepared  for  external  insulation  with  1}/^ 
in.  pipe-covering  blocks,  a  1-in.  air  space  being  provided.  Besides  the 
possible  objections  to  appearance,  first  cost,  and  maintenance,  the 
question  as  to  possible  overheating  of  the  shell,  with  consequent  warping 
or  unequal  expansion,  must  be  considered. 

In  the  construction  of  a  new  hot-blast  main,  the  logical  plan  would 
apparently  be  to  design.it  of  sufficient  diameter  to  permit  lining  with 
9  in.  of  fire  brick  and  a  backing  of  several  inches  of  insulating  material. 

Conclusions 

1.  There  is,  between  the  stoves  and  the  blast  furnace,  a  very  marked 
drop  in  the  temperature  of  the  hot  blast,  which  is  not  only  serious  as  to 
temperature  but  signifies  also  a  thermal  loss.  It  is  affected  by  many 
variables,  such  as  size  and  length  of  hot-blast  mains  and  connections, 
thickness  of  fire-brick  linings,  volume  and  initial  temperature  of  air 
passing  per  unit  of  time,  temperature  and  wind  velocity  of  the  outside 
air,  extent  of  water  cooling,  etc.  It  is  probable  that,  at  a  great  many 
furnace  plants  in  the  country,  these  losses  are  of  sufficient  magnitude  to 
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justify  an  attempt  at  their  reduction.  The  present  tendency  is  toward 
higher  blast  heats  on  furnaces  carrying  large  percentages  of  Mesabi  ores 
in  their  mixtures;  and  high  heats  have  always  been  desirable  in  smelting 
hard^  coarse  ores,  such  as  the  magnetites  so  generally  used  in  the  East. 
In  the  manufacture  of  spiegel  and  ferro-manganese,  the  maintenance  of 
high  blast  temperatures  is  of  particular  importance.  In  all  plants  where 
economy  in  the  use  of  blast-furnace  gas  must  be  practiced,  on  account 
of  its  large  consumption  in  gas  engines  or  under  boilers,  this  is  likewise 
a  matter  of  special  interest. 

2.  That  insufficient  insulation  in  the  hot-blast  main  is  the  cause 
of  serious  temperature  and  heat  losses,  will  be  readily  recognized.  It 
seems  logical  and  practicable  to  prevent  a  large  percentage  of  these 
losses  by  means  of  one  of  the  methods  of  insulation  suggested  in  this 
paper.  With  such  insulation,  other  operating  conditions  being  normal, 
we  would  expect  higher  available  blast  heats  with  resulting  fuel  economy, 
or  a  smaller  quantity  of  fuel  gas  necessary  for  heating  the  stoves.  I 
believe  that  blast-furnace  managers  and  superintendents  generally  will 
be  interested  in  a  study  of  better  insulation  of  the  hot-blast  main  and 
stoves. 

In  conclusion,  I  wish  to  acknowledge  the  practical  co-operation  of 
one  of  my  assistants,  H.  A.  Floyd,  in  securing  the  data  used  in  this 
paper. 
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[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  lyreferably  be  presented  in  person  at  the 
New  York  meeting.  February,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disouwion  in  writing  may  be  sent  to  the  Editor.  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Apr.  1, 1916.  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Iron  Deposits  of  Daiquiri^  Cuba 

BT  WALDBMAR  LINDGRXN   AND  CLTPB  P.   BOSS,  BOSTON,   MASS. 

(New  York  Meeting,  February,  1916) 

Introduction 

To  the  miner,  as  well  as  to  the  geologist,  the  eastern  part  of  Cuba  is  a 
most  interesting  region.  Here  we  find,  in  contrast  to  the  moderate  relief 
predominating  elsewhere  in  the  island,  an  imposing  mountain  range,  the 
Sierra  Maestra,  extending  east  and  west  parallel  to  the  coast,  its  precipi- 
tous front  facing  the  blue  Caribbean  Sea.  In  a  geological  sense  this  range 
is  largely  an  unknown  land,  the  only  well-explored  region  being  that  in  the 
vicinity  of  Santiago. 

The  range  also  contains  the  most  important  mineral  deposits  of  the 
island.  They  comprise,  first,  a  series  of  iron  deposits  yielding  a  partly 
hematitized  magnetite  with  low  content  of  phosphorus;  second,  a  re- 
markable copper-bearing  vein  at  El  Cobre;  and  third,  various  manganese 
deposits.  Probably  more  deposits  will  be  foimd,  for  the  larger  and  west- 
em  part  of  the  range  is  as  yet  little  explored  and  its  slopes  are  covered  by 
a  thick  tropical  jimgle. 

The  following  notes  are  based  on  a  short  visit  by  the  senior  author  in 
January  and  February  of  1914  to  the  mines  at  Daiquiri,  El  Cobre,  and 
Mayari.  For  many  courtesies  and  great  assistance  he  is  deeply  obliged 
to  Charles  F.  Rand,  President  of  the  Spanish-American  Iron  Co.;  to 
George  W.  Pfeififer,  General  Manager,  and  to  the  several  members  of  his 
staff. 

Geological  Features  of  the  Sierra  Maestra 

For  our  knowledge  of  the  geology  of  the  Sierra  Maestra  we  are 
indebted  to  reconnaissances  by  Fernandez  de  Castro,  R.  T.  Hill,  and 
to  W.  C.  Hayes,  T.  W.  Vaughan,  and  A.  C.  Spencer.  The  summary  by 
the  latter  three  geologists  furnishes  the  best  guide  to  the  region.^  The 
range  is  undoubtedly  outlined  by  a  great  east-west  dislocation.  Its 
southern  slope  drops  abruptly  to  the  sea,  while  on  the  north  side,  a 

*  C.  W.  Hayes,  T.  W.  Vaughan,  A.  C.  Spencer:  Report  on  a  Geological  Reconnais- 
eance  of  Cuba,  pp.  69  to  83  (Washington,  1901). 
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much  gentler  declivity  leads  down  to  the  rolling  plateau  of  Tertiary  lime- 
stone which  occupies  much  of  the  adjacent  part  of  the  island.  Viewed 
from  the  sea  near  Santiago  or  Daiquiri  the  summit  of  the  range  appears 
as  an  undulating  line  with  an  elevation  of  from  2,000  to  3,000  ft.  and 
about  12  km  from  the  sea.  From  this  crest  line  an  abrupt  slope  leads 
down  to  jungle  lands  Uttle  above  the  level  of  the  sea,  and  separated 
from  it  by  low  coast  hills,  covered  by  a  veneer  of  coral  rock. 

The  range  back  of  Santiago  and  Daiquiri  seems  to  end  before  Guan- 
tanamo  Bay  is  reached.  At  this  place  the  coral  limestones  of  the  coast 
appear  to  reach  far  inland,  but  east  of  the  bay  and  from  here  to  Cape 
Maysi  the  mountains,  here  dry-looking  and  covered  by  brush,  rise 
abruptly  from  the  sea  to  a  level  skyline  at  an  elevation  of  about  2,000 
ft.,  the  summit  evidently  forming  a  plateau,  which  probably  extends 
northward,  connecting  with  the  high  plateaus  of  Baracoa  and  Mayari. 

Back  of  Santiago  the  railroad  pass  at  Cristo  is  only  560  ft.  above 
the  sea  while  the  road  crossing  the  range  at  Boniato  Hill  reaches  the 
summit  1,000  ft.  above  the  tide  and  12.  km.  from  Santiago.  West  of 
Santiago  there  is  a  steep  and  high  coast  range  separated  by  the  Cobre 
Valley  from  the  lower  westward  continuation  of  what  may  be  called  the 
Sierra  Boniato.  Farther  west  this  coast  range  becomes  much  higher, 
culminating  at  Tarquino  Peak  (elevation  8,400  ft.)  and  dropping  off 
precipitously  into  the  sea. 

The  geological  elements  which  make  up  the  range  near  Santiago  are 
as  follows: 

1.  Recent  coral  rock  veneering  the  coast  hills. 

2.  OUgocene  Umestones  and  marls  underlying  the  coral  rocks  along 
the  low  land  of  the  coast. 

3.  A  very  thick  series  of  greenstone  tuffs  and  agglomerates  dipping 
northward  and  well  exposed  in  the  Cobre  Valley.    Age  unknown. 

4.  A  thick  series  of  heavy-bedded  gray  limestone  well  exposed  on  the 
road  across  the  Sierra  Boniato  north  of  Santiago.  These  beds  dip  north 
steeply  at  the  base  of  the  ridge,  more  gently  at  the  summit.  Age  un- 
known, but  unless  faulted  they  should  overlie  the  tuffs  of  El  Cobre. 

5.  Andesites,  rhyoUtes,  greenstones,  and  tuffs  near  Cristo  and  near 
the  top  of  the  high  range  back  of  Daiquiri;  probably  later  than  the 
limestones. 

6.  A  large  area  of  intrusive  diorite  or  diorite  porphjrry  with  inclosed 
fragments  of  an  older,  bedded  limestone.  This  diorite  is  said  to  form 
the  seaward  part  of  Sierra  Cobre  and  occupies  the  foot  hills  and  the  basal 
part  of  the  high  ridge  back  of  Daiquiri.  The  iron  deposits  are  found  in 
this  diorite.  The  age  of  the  included  Umestone  and  of  the  diorite  is 
unknown.  The  idea  of  the  geologists  who  have  done  the  most  work 
in  this  section  seems  to  be  that  the  lavas  and  tuffs  and  associated  lime- 
stones are  of  Eocene  age  and  that  they  rest  on  a  basement  of  diorite. 
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Consequently  the  limestone  included  in  the  diorite  must  be  older,  possibly 
Paleozoic.  While  not  able  to  contradict  this  statement,  we  believe  that 
there  is  a  possibility  that  the  included  limestones  may  be  of  the  same 
age  as  those  of  Sierra  Boniato  and  that  consequently  the  great  diorite 
intrusion  might  have  formed  the  last  feature  of  the  volcanic  and  the  sedi- 
mentary period  represented  by  the  Cobre  and  Boniato  rocks. 

Iron  Deposits  in  the  Diorite 

As  stated  above,  dioritic  rocks  occupy  a  wide  area  along  the  coast 
from  the  Sierra  Cobre  to  Guantanamo  Bay.  In  the  diorite  and  close 
to  the  coast  line  are  found  a  considerable  number  of  local  and  limited 
masses  of  iron  ore  which  are  known  to  extend  from  a  point  36  miles  west 
of  Santiago  to  Sigua,  25  miles  east  of  that  place.  There  are  several  mines 
along  this  belt  of  iron  deposits;  El  Cuero  mine  lies  west  of  Santiago.  The 
Juragua  properties  owned  by  the  Pennsylvania  Steel  Co.  are  at  Sevilla 
and  Firmeza,  from  5  to  10  miles  east  of  the  city.  The  Daiquiri  properties 
owned  by  the  Spanish-American  Iron  Co.  include  the  Vinent  and  the 
Berraco  groups,  the  former  comprising  the  Lola  Hill  mines  described  in 
this  paper.    The  Sigua  deposits  lie  near  the  coast  and  still  farther  east. 

The  Juragua  mines  were  the  earliest  opened  in  this  belt  and  pro- 
duction began  in  1884,  while  the  mines  at  Daiquiri  started  shipping  in 
1895.  The  production  from  each  of  these  great  properties  has  ranged 
from  100,000  to  500,000  tons  a  year.  At  the  time  of  visit  these  two 
properties  were  the  only  ones  shipping  ore.  In  1913,  the  Juragua  mines 
produced  369,213  long  tons,  the  Daiquiri  mines  591,322  long  tons,  and 
the  El  Cuero  mines  130,183  long  tons,  a  total  of  1,090,718  tons. 

The  total  production  of  the  Juragua  mines  is  6,679,617  tons  and  that 
of  the  Daiquiri  mines  6,744,004  tons.* 

SituaJtion  of  Daiquiri  Mines 

The  Daiquiri  mines  are  best  reached  by  steamer  from  Santiago,  the 
trip  affording  a  beautiful  view  of  the  shelving  coral  deposits  of  the 
shore  line,  the  intervening  low  lands,  and  the  imposing  front  of  the 
range  continuous  from  Sierra  Boniato  to  far  east  of  Daiquiri.  At  the 
open  roadstead  there  are  a  wharf  and  large  ore  bins.  A  railroad  extends 
from  the  landing  place  up  to  the  mines,  a  distance  of  4  miles  along  the 
Magdalena  River,  a  small  water  course  here  flowing  through  a  moderately 
hilly  country.  A  short  distance  below  the  mines  the  road  leaves  the 
river  and  follows  Daiquiri  Creek  up  to  the  town  of  the  same  name,  where, 
at  an  elevation  of  300  ft.,  the  offices  of  the  company  are  located.     The 


2  Mineral  Resources  of  the  United  StaUs,  1913,  vol.  i,  p.  317  (1914). 
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town  lies  in  a  basin-like  valley,  hills  rising  500  to  800  ft.  above  it.    Back 
of  these,  steep  slopes  lead  up  to  the  main  range. 

Interest  naturally  centers  in  Lola  Hill,  which  attains  a  height  of  600 
ft.  above  the  offices  and  is  located  on  the  ridge  separating  Magdalena 
River  from  Daiquiri  Creek,  for  the  principal  mines  are  situated  on  the 
top  and  sides  of  this  eminence.  Smaller  deposits  lie  east  of  the  offices 
and  extend  irregularly  toward  Berraco,  but  little  ore  is  shipped  from  these 
places  and  little  definite  geological  evidence  is  obtained  from  them 
compared  to  that  afforded  by  the  magnificent  exposures  on  Lola  Hill. 

Geology  of  Daiquiri 

Granite, — A  granitic  rock  with  white  rounded  outcrops  forms  the 
most  prominent  part  of  the  hills  at  the  wharf  and  extends  along  the 
railroad  for  about  1  or  2  miles  inland.  The  seaward  side  of  the  granite 
hills,  which  may  be  150  ft.  high,  is  covered  by  recent  coral  rock  in  three 
heavy  benches.  The  granite  is  somewhat  porph3rritic  and  contains 
abundant  phenocrysts  of  albite,  while  those  of  orthoclase,  green 
hornblende,  and  quartz  are  less  plentiful.  The  coarse  groundmass 
is  allotriomorphic  and  contains  feldspar,  quartz,  biotite,  and  small  cubes 
of  magnetite.  Epidote,  chlorite,  sericite,  and  kaolin  are  secondary 
products. 

Diorite, — The  contact  between  granite  and  diorite  was  not  care- 
fully studied,  but  it  is  probable  that  the  two  rocks  are  not  far  apart 
in  time  of  origin. 

The  diorite  continues  up  to  the  mines  and  is  the  predominant  country 
rock  of  the  district.  It  is  usually  light  green  in  color  when  fresh,  weath- 
ers in  irregular,  jagged,  whitish  outcrops,  is  traversed  by  irregular 
joint  systems,  and  contains  in  places  veinlets  and  masses  of  epidote, 
especially  near  the  iron  deposit.  Darker  varieties  often  form  Ul-defined 
masses  in  the  normal  rock,  which  is  also  often  cut  by  white  aplite  dikes. 

A  typical  diorite  from  the  east  side  of  the  orebody,  in  the  second 
open  cut  of  the  San  Antonio  mine,  is  of  medium  grain  and  dis- 
tinctly porphyritic,  this  being  especially  noticeable  in  thin  section. 
Under  the  microscope  the  most  numerous  phenocrysts  prove  to  be 
of  plagioclase  and  are  rarely  more  than  1  or  2  mm.  in  length.  Many 
of  them  are  rounded  or  broken  and  poorly  twinned.  The  few  exact 
measurements  which  could  be  made  indicate  an  oligoclase-andesine.  The 
refraction,  accurately  determined,  is  from  1.535  to  1.545,  which  cor- 
responds well  to  this  mineral. 

There  are  also  one  or  two  anhedral,  but  not  corroded,  phenocrysts 
of  quartz,  as  well  as  several  imperfect  prisms  and  granular  aggregates  of 
colorless  augite. 

Sheaves  of  secondary  green  hornblende  are  abundant  and  needles  of 


THE  IRON   DEPOSITS   OF  DAIQUIRIj    CUBA  2175 

the  same  penetrate  the  feldspar,  all  of  this  hornblende  being  probably 
derived  from  augite.  Small  grains  of  black  ilmenite  are  fairly  common, 
but  most  of  them  have  been  converted  to  titanite.  In  another  rock  of 
the  kind,  this  process  has  been  carried  so  far  that  no  black  iron  ore 
remains. 

The  groundmass  is  microgranular,  very  interlocking  and  poikilitic 
or  micro-porphyritic  in  places.  It  consists  of  grains  of  unstriated  feld- 
spar with  index  of  refraction  smaller  than  quartz,  intergrown  as  indicated 
with  quartz. 

The  secondary  constituents  comprise,  besides  hornblende,  some 
epidote  and  a  little  sericite,  the  latter  contained  in  the  feldspar;  also  a 
little  chlorite  and  calcite. 

A  partial  analysis  of  this  rock,  made  by  C.  S.  Venable,  of  the  Massa- 
chusetts Institute  of  Technology,  yielded  64.07  per  cent.  Si02,  5.62  per 
cent.  CaO,  5.6  per  cent.  Na20,  and  0.7  per  cent.  K2O.  The  rock  is  thus 
more  correctly  defined  as  a  normal  quartz-augite-diorite-porphyry.  The 
percentages  of  CaO  and  Na20  correspond  well  with  what  might  be 
expected  and  the  small  amount  of  K2O  is  noteworthy,  showing  the  rock 
to  contain  very  little  orthoclase.  The  percentage  of  black  iron  ore 
present  is  no  more  than  would  be  expected  in  a  rock  of  this  kind. 

Aplite. — White  aplite  dikes  of  irregular  outline  are  found  in  places 
in  the  diorite.  One  of  these  occurs  on  the  ridge  between  Magdalena 
River  and  Daiquiri  Creek,  3^  mile  north  of  Lime  Point.  It  is  a  dirty- 
white  medium-grained  rock  speckled  with  Uttle  grains  of  hornblende. 
The  essential  minerals  are  oligoclase,  quartz,  and  orthoclase  with  a 
little  hornblende,  apatite,  and  titanite.  The  rock  contains  numerous 
feldspar  phenocrysts,  usually  with  excellent  crystal  outlines,  and  in 
places  the  textm-e  of  the  coarse  groimdmass  may  be  described  as  allotrio- 
morphic.  Micropegmatitic  intergrowths  of  quartz  and  orthoclase  are, 
however,  very  abundant. 

Crystalline  Limestone. — Besides  the  dikes  mentioned,  and  the  deposits 
of  iron  ore,  the  diorite  includes  small  masses  of  limestone.  The  best 
locaUty  is  Lime  Point,  described  below,  but  limestone  is  also  found  near 
the  Barcelona  mine  on  the  west  side  of  the  Magdalena  River  and  2  miles 
from  Lola  Hill.  Here,  however,  the  field  relations  cannot  be  made  out 
with  certainty.  Another  small  limestone  mass  is  reported  from  the  steep 
slope  of  the  main  range  north  of  Daiquiri,  and  several  others  are  found 
in  close  connection  with  ore  in  the  Juragua  mines. 

Lime  Point  is  situated  1,600  ft.  southwest  of  the  mine  offices  on  the 

summit  of  the  sharp  ridge  between  Magdalena  River  and  Daiquiri  Creek. 

Here  is  a  small  mass  of  limestone  almost  100  ft.  in  diameter  and  wholly 

inclosed  in  diorite,  though  the  contacts  are  not  well  exposed.     The 

stratification,  trending  north-south,  is  excellently  shown,  the  beds  being 

1  to  2  ft.  thick,  with  vertical  dip.     The  rock  is  greenish,  mottled  and 
7 
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crystalline,  with  medium  grain.  It  is  irregularly  replaced  by  yellow 
garnet,  a  brownish  green  rhombic  pyroxene,  and  some  iron  ore.  In 
fact,  some  ore  was  taken  from  this  place,  but  being  of  low  grade  was  not 
shipped.  A  polished  section  showed  that  this  iron  ore  consisted,  Uke 
that  of  Lola  Hill,  of  magnetite  partly  oxidized  to  hematite.  A  tunnel 
driven  50  ft.  below  the  summit  on  the  Magdalena  side  failed  to  find 
any  continuation  in  depth  of  this  limestone  mass. 

The  significance  of  this  occurrence  in  relation  to  the  origin  of  the  iron 
ores  will  be  referred  to  below.  It  is  clearly  a  partly  contact-metamor- 
phosed inclusion  of  a  sedimentary  series  older  than  the  intrusive  diorite. 

The  Ore  Deposit  of  Lola  Hill 

General  Occurrence, — The  great  ore  deposit  of  Lola  Hill,  from  which 
6,000,000  tons  of  high-grade  iron  ore  have  been  mined,  and  in  which 
much  still  remains,  forms,  broadly  speaking,  three  lenses,  partly  con- 
necting, aligned  north-south,  and  aggregating  2,500  ft.  in  length.  The 
dip  is  very  steep  to  the  east;  the  width  varies  up  to  120  ft.  Cutting 
squarely  across  the  summit  of  Lola  Hill,  600  ft.  above  the  offices  in  the 
valley,  it  has  been  mined  chiefly  from  a  series  of  open  cuts  beginning  200 
ft.  above  the  base.  Seen  from  a  distance  the  hill  presents  a  striking 
appearance,  with  its  numerous  benches  with  railroad  tracks  and  steam 
shovels,  and  long  lines  of  horizontal  dumps  where  was  deposited  the 
barren  rock  which  necessarily  had  to  be  removed  from  the  walls  of  the 
deposits.  From  south  to  north  the  lenses  are  known  as  the  San  Antonio, 
nearest  to  the  offices,  the  Lola,  and  the  Magdalena.  Three  inclines 
lead  down  to  the  railroad  from  the  open  cuts  and  the  San  Antonio  tunnel 
opens  the  lowest  parts  of  the  deposits  from  a  few  feet  above  the  railroad 
level.  This  tunnel  is  still  in  magnetite  ore,  but  the  width  is  here  only 
about  30  ft. 

The  Magdalena  lens  is  developed  by  an  open  cut  and  by  a  tunnel 
approximately  200  ft.  higher  than  the  main  railroad  track  at  the  offices. 

Ore  and  Gangue, — Most  of  the  ore  consists  of  a  dense  or  fine-grained 
mixture  of  magnetite  and  hematite,  though  in  the  lowest  tunnels  of  the 
San  Antonio  and  the  Magdalena  mines  only  magnetite  occurs  and  this 
is  rather  coarser  grained.  The  gangue  consists  of  quartz,  which  is  far 
more  conspicuous  in  thin  section  than  in  the  specimen.  Garnet  and  a 
little  amphibole,  epidote,  calcite,  and  pyrite  are  present  in  varjdng 
amounts.  The  ore  in  the  Magdalena  tunnel,  for  instance,  is  admixed 
in  places  with  so  much  pyrite  as  to  render  it  valueless  for  shipping. 
Copper  stains  are  frequently  seen  and  some  parcels  of  oxidized  copper 
ore  have  been  shipped  to  the  Cobre  mine.  Fresh  chalcopyrite  is  rarely 
observed. 

Recent  analyses  of  iron  ores  from  Daiquiri  run  as  follows,  in  per- 
centages: 
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Average  of  134,000  Tons  of  Ore  from  the  Lola  Mine 

Fe 59.9 

P 0.019 

SiO, 9.6 

S 0.33 

Average  of  153,000  Tons  of  Ore  from  the  Magdalena  Mine 

Fe 69 .2 

P 0.021 

SiOj 11,3 

S 0.89 

• 

Average  of  42,000  ToThs  of  Ore  from  the  Barcelona  Mine 

Fe 68.7 

P 0.03 

SiO, 11.1 

S 0.4 

Earlier  analyses  quoted  by  Spencer'  show  that  the  ore  then  mined 
averaged  from  62  to  65  per  cent,  of  iron  and  contained  somewhat  less 
silica.     Analyses  of  average  samples  given  by  him  run  as  follows: 

Analyses  of  Average  Samples  of  Iron  Ores  from  the  Lola  Mine 

1806  1897 

Fe 63 . 050  63 . 100 

Mn 0.062  0.097 

Cu 0.016  0.056 

Ti 0.007 

S ,   0.048  0.072 

P 0.025  0.029 

Al,08 0.821  0.712 

CaO 0.890  1 .060 

MgO 0.259  0.381 

SiO, 7.586  7.226 

Geological  Field  Relations  of  the  Ore. — The  ore,  then,  forms  in  general 
a  tabular  body  in  diorite,  2,500  ft.  long,  up  to  100  or  120  ft.  wide  and  at 
least  600  ft.  deep.  Actually  it  is  divided  in  three  parts  by  the  intrusive 
rock  and,  moreover,  as  noted  already  by  A.  C.  Spencer,*  it  is  cut  in  many 
places  by  igneous  dikes.  Two  of  these  were  observed  in  the  open  cuts 
of  the  San  Antonio  mine.  Both  were  decomposed,  but  one  of  them 
which  was  6  ft.  wide  proved  to  be  a  granite  porphyry  having  pheno- 
crysts  of  albite-oligoclase  and  quartz  in  a  microgranular  groundmass 
with  feldspar  and  quartz  sometimes  in  micropegmatitic  intergrowths. 
The  rock  is  evidently  allied  to  the  aplites  and  may  be  considered  as  later 
than  the  normal  diorite. 

*  Report  an  a  Geological  ReconnaUsance  of  Cuba,  p.  77  (Washington,  1901). 

*  Idem,  Fig.  12. 
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The  exposures  along  the  successive  benches  for  a  vertical  distance  of 
400  ft.  are  excellent  and  show  no  direct  evidence  of  surface  oxidation  in 
the  way  of  limonite  or  kaolin.  Each  face  is  from  50  to  200  ft.  below  the 
original  siu-face;  the  summit  of  the  hill  has  been  removed  by  the  open- 
cut  work. 

In  the  main,  the  contacts  between  ore  and  the  surrounding  diorite 
are  definite  and  the  black  orebodies  stand  out  sharply  against  the  whitish 
or  greenish  igneous  rock.  In  detail,  however,  there  is  evidence  of  con- 
tact zones  and  intimate  intermingling. 

The  iron  ore  itself  is  not  so  uniform  as  it  appears  at  first  glance. 
Generally  fine  grained,  steel  gray  and  giving  a  red  streak,  there  are 
places  where  the  admixture  with  quartz  and  pyrite  becomes  prominent; 
the  quartz  in  irregular  masses  and  veinlets,  the  P3rrite  in  streaks  of 
small  crystals.  Calcite  is  fairly  abundant  in  places,  but  generally  fills 
small  irregular  cavities  or  forms  later  crusts.  More  prominent  than  these 
minerals  is  garnet,  which  occurs  abundantly  in  the  ore,  sometimes  in- 
timately mixed,  but  more  often  as  heavy  bodies  or  flat  masses  several 
feet  in  thickness.  It  is  yellowish  brown  and  massive,  though  showing  in 
places  small  crystals  in  drusy  cavities.  A  qualitative  analysis  showed 
it  to  be  a  normal  andradite  with  little  alumina. 

The  contact  between  ore  and  diorite  can  usually  be  iQcated  within 
1  or  2  ft.,  t)ut  frequently  dike-like  masses  of  iron  ore  or  of  massive  garnet 
1  or  2  ft.  wide  project  into  the  diorite  for  a  distance  of  many  feet,  just  as 
dikes  of  rock  project  into  the  ore. 

The  diorite  adjoining  the  ore  is  rarely  quite  normal,  but  contains 
much  epidote  and  is  frequently  darker  and  more  fine  grained  than  the 
typical  rock,  for  a  distance  of  10  to  30  ft.  from  the  contact.  An  occur- 
rence of  this  kind  from  the  lowest  open  cut  on  the  San  Antonio  was  desig- 
nated in  the  field  notes  as  ''a  heavy,  fine-grained  variety  suggesting  ab- 
sorption of  lime."  Going  west,  the  rock  gradually  becomes  more  normal, 
but  the  grain  continues  imeven  and  the  rock  contains  much  epidote. 
A  specimen  from  this  place  about  10  ft.  from  the  ore  is  further  described 
below  and  designated  as  No.  7  Daiquiri. 

In  the  deep  tunnel,  which  extends  from  the  railroad  level  into  the 
San  Antonio  mine,  the  ore  is  only  30  ft.  wide  and  consists  of  magnetite 
admixed  with  garnet,  epidote,  and  vug  fillings  and  coatings  of  calcite. 

In  the  open  cut  of  the  Lola  mine  the  exposures  are  similar  to  those  of 
the  San  Antonio. 

In  the  open  cut  of  the  Magdalena  mine  the  ore  is  about  100  ft.  wide 
and  appears  to  be  boimded  by  a  fault  on  the  east  side.  The  ore  is 
massive  with  but  little  admixture  of  gangue.  The  Magdalena  mine  is 
also  opened  by  a  tunnel  about  200  ft.  above  the  office,  but  on  the  slope 
toward  the  Magdalena  River.  Ore  is  here  mined  by  underground 
methods.     It  is  mostly  coarse-grained  [magnetite  oxidized  to  limonite 
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along  fissures.  No  garnet  was  seen,  but  there  is  much  pyrite  in  places 
and  some  of  the  ore  is  a  dark-green  mixture  of  amphibole,  feldspar, 
quartz,  and  magnetite  described  below  as  No.  20  Daiquiri.  A  winze 
sunk  100  ft.  below  the  Magdalena  tunnel  developed  magnetite  with  8  or 
10  per  cent,  of  pyrite. 

Detailed  Description  of  Ore  and  Gangue. — The  "contact  rock"  (7 
Daiquiri)  previously  mentioned  was  examined  in  some  detail  and  proved 
a  rather  puzzling  type.  It  is  finely  granular  under  the  microscope  and 
consists  of  50  per  cent,  or  more  of  amphibole  and  pyroxene,  while  the 
remaining  half  consists  of  a  feldspathic  mineral.  It  contains  very  few 
grains  of  iron  ore,  but  a  notable  amount  of  small  grains,  crystals,  and 
aggregates  of  titanite,  which  no  doubt  is  derived  from  ilmenite. 

There  are  a  few  equidimensional  grains  or  rough  prisms  of  colorless 
augite  with  normal  extinction.  Far  more  abundant  is  a  pale-green 
uralitic  hornblende  in  irregular  grains  or  sheaves  frayed  at  the  edges, 
while  needles  of  the  same  mineral  are  abundantly  scattered  through 
the  feldspar,  so  that  it  would  be  impossible  to  separate  the  latter  by 
heavy  solutions.  Apatite  in  small  prisms  is  abundant.  The  feld- 
spathic material  consists  of  interlocking  grains,  which  have  low  double 
refraction  (about  0.004-5)  and  an  index  of  refraction  varying  from 
1.54  to  1.55,  only  one  or  two  of  these  grains  showing  polysynthetic  twin- 
ning with  extinctions  indicating  andesine.  The  refraction  points  to 
oligoclase-andesine.  The  mineral  is  somewhat  attacked  by  concentrated 
hydrochloric  acid.  A  partial  analysis  was  made  of  this  rock  by  C.  S. 
Venable  and  gave  51.67  per  cent.  Si02, 11.54  per  cent.  CaO,  2.9  per  cent. 
NajO,  and  0.9  per  cent.  K2O.  This  somewhat  surprising  result  does  not 
agree  with  the  normal  composition  of  an  igneous  rock  composed  of 
andesine,  augite-hornblende,  and  suggests  strongly  the  presence  of  a 
scapolite  mineral.  There  is  certainly  feldspar  in  the  rock,  but  the 
scarcity  of  twinning  is  remarkable  and  the  refraction  is  somewhat  too  low 
for  andesine.  On  the  other  hand,  the  section  shows  apparently  only 
one  prominent  feldspathoid  mineral;  and  the  double  refraction  is  de- 
cidedly too  low  for  a  calcium  scapolite.  The  analysis  confirms  the 
suspicion  entertained  in  the  field  that  this  dark  ''contact  zone"  has 
absorbed  lime.  Very  likely  the  amphibole  contains  an  exceptionally 
large  percentage  of  calcium,  or  the  feldspar  is,  in  parts  of  the  specimen, 
converted  to  a  scapolitic  mineral. 

A  specimen  collected  from  the  other,  or  eastern,  contact  shows  a 
decided  similarity  to  the  one  just  described,  although  the  contact  rock 
on  this  side  is  not  so  well  developed  as  on  the  other  side.  It  is  a  green- 
ish, fine-grained  rock.  In  this  section  it  shows  an  interlocking  feld- 
spar aggregate  with  some  little  quartz.  Only  one  or  two  of  the  feldspar 
grains  are  twinned  and  give  angles  of  extinction  indicating  andesine; 
the  grains  are  in  great  part  cloudy  and  filled  with  chlorite  foils  and  horn- 
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blende  needles.    Fibrous  hornblende  is  abundant  in  frayed  prisins. 
There  is  no  black  iron  ore,  but  some  secondary  titanite. 

Much  of  the  material  mined  is  massive  iron  ore,  and  sections  of  this 
show  little  except  a  few  included  small  grains  of  quartz,  garnet,  or 
pyrite.  The  most  common  gangue  mineral  is  quartz,  and  tioa  occurs 
intimately  mixed  with  the  iron  ore.  Analyses  quoted  on  p.  2177  indi- 
cate an  average  of  10  or  11  per  cent,  of  silica  in  the  ore  now  being  mined, 
and  most  of  this  silica  is  present  as  quartz.  A  section  of  typical  quartsose 
ore  is  shown  in  Fig,  1.  Thespecimen  (ISDaiquiri)  comesfromtheMag- 
dalena  open  cut.     The  iron  ore,  which  is  magnetite  with  hematite  rims, 


Fia.  I. — Pkotouicrooraj>h  of  Silicboub  Ore  from  Maodaleka  Open  Cdt, 
Black,  Magnetite  with  some  Hematite;  gray,  Quarts.     Magnified  30  diameters. 

forms  irregular  or  rounded  maaaea  often  bordered  by  projecting  crystal 
faces,  as  may  be  seen  in  the  figure.  The  quartz,  which  is  coarsely  granu- 
lar, fills  the  interstice  and  contains  a  few  small  prisms  of  apatite.  In 
places  the  imprewion  is  that  of  magnetite  shattered  and  filled  with 
quartz  veins.  There  is  little  doubt  that  the  magnetite  is  the  earlier 
mineral.  The  section  contains  a  few  cubes  of  pyrite,  which  is  distinctly 
associated  with  the  quartz,  and  is  later  than  the  magnetite. 

Another  type  of  quartz  magnetite  rock  is  shown  in  Fig.  2;  the  speci- 
men (21  Daiquiri)  was  taken  from  the  deep  San  Antonio  tunnel.  The 
magnetite  here  forms  small  crystals  and  striking  dendritic  groups,  all 


THE  IBON   DEPOSITS  OF  DAXQUIRI,   CUBA  2181 

imbedded  in  granular  quartz,  which  also  eontains  a  considerable  number 
of  minute  prisms  of  apatite.  From  this  section  the  distinct  impression 
is  gained  that  the  magnetite  crystallized  in  a  yielding  medium,  which 
later  consolidated  to  granular  quartz. 

The  presence  of  andradite  garnet  has  been  mentioned,  but  this 
mineral  is  less  commonly  seen  in  the  shipped  ore,  for  it  forms  large 
"bars"  and  masses  which  are  easily  sorted  out.  The  ore  shipped  now 
contains  only  about  1  per  cent.  CaO,  but  the  body  as  a  whole  certainly 
contains  3  or  4  per  cent,  of  this  constituent,  present  as  calcite  and  aodra- 
dite.     Sections  of  iron  ore  often  show  small  inclosed  grains  of  garnet 


Fio.  2. — Photomicrograph  or  Simcbous  Okb  prom  the  San  Antonio  Tdnnbl. 
Black,  Magnetite;  white,  Quartz.    Magnified  30  diameters. 

and  calcite,  and  both  of  these  sometimes  contain  brownish  green  prisms 
of  amphibole.  The  garnet  rarely  shows  crystal  outlines  or  the  zonar 
birefringency  so  common  in  contact-metamorphic  deposits.  The  calcite 
occurs  either  as  grains  in  which,  as  stated,  prisms  of  amphibole  have 
developed,  or  as  filling  of  small  cavities,  in  which  case  it  shows  con- 
centric deposition  lines. 

A  type  of  lean  ore  which  ia  rare  at  Daiquiri,  but  not  uncommon  at 
Juragua,  is  shown  in  Fig.  3.  The  specimen  (24  Daiquiri)  was  taken  from 
the  Magdalena  tunnel  at  the  north  end  of  the  ore  zone  and  occurs  in 
heavy  magnetite.    The  rock  is  coarse  grained  and  dark  green,  and 
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under  the  microscope  proves  to  be  a  granular  mixture  of  monoclinic 
pyroxene,  magnetite,  quartz,  and  feldspar.  The  magnetite  forms  small 
crystals  and  rectangular  bars,  which  by  their  arrangement  indicate 
a  coarse  dendritic  texture.  The  magnetite  seems  to  be  the  earliest 
mineral.  There  is  much  granular  or  roughly  prismatic  augite,  also  some 
quartz,  and  a  few  grains  of  andesine  feldspar,  one  of  which  is  shown  in 
the  figure.  While  it  is  possible  that  this  is  an  igneous  rock,  its  interpreta- 
tion as  a  replacement  product  of  limestone  would  seem  more  probable. 


FiQ..  3.— Fhotomicroorafh  of  Lean  Obb  ruou  MaodjUena  Tunkbl. 

Black,  Magnetite;  groay  with  granular  Burface,  Augite;  light  gray,  Quarti,  withone 

grain  of  Aadesine  in  center.    Magnined  30  diamet«rs- 

Metallographic  Examination. — PoUshed  faces  of  the  ore  are  difficult 
to  prepare  by  reason  of  pitting  and  failure  to  take  perfect  polish.  The 
sections  studied  all  showed  magnetite  and  hematite  and  the  same 
relationship  between  the  two  minerals.  Etching  with  hydrochloric  acid 
accentuates  the  difference  between  magnetite  and  hematite  a  Uttle 
better,  both  being  slightly  attacked,  the  latter  more  than  the  former. 
The  magnetite,  which  predominates  in  most  cases,  has  a  dark-gray  color 
with  a  tinge  of  red.  The  etching  often  brings  out  a  systpm  of  lines,  or 
two  systems  crossing  at,  say,  60°.  These  lines  are  caused  by  the  octa- 
hedral parting  in  magnetite.  The  hematite  is  brighter  and  Ught  gray 
in  color  and  the  polished  faces  are  full  of  small  pits. 
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The  hematite  occurs  as  a  border  of  varying  width  around  the  mag- 
netite and  the  contact  between  the  two  is  usually  wavy  and  irregular. 
Tongues  of  hematite,  sometimes  highly  irregular  in  outline,  enter  along 
all  possible  openings,  such  as  cracks  and  contacts  between  grains.  The 
hematite  has  also  a  strong  tendency  to  penetrate  the  magnetite  along 
its  parting  planes,  and  in  several  places  the  parting  is  clearly  brought 
out  by  the  bright  thin  lines  of  hematite  outlining  a  series  of  rhombs. 
In  other  sections  the  magnetite  grains  are  penetrated  by  an  exceedingly 
delicate,  irregular  network  of  hematite  visible  only  with  the  highest 
magnification. 

The  pits  in  the  hematite  are  probably  caused  by  the  local  development 
of  a  softer  or  earthy  facies  of  the  mineral. 

All  gradations  are  present  in  the  ores.  Some  are  mostly  magnetite, 
with  very  little  hematite  covering  the  grains  as  a  thin  film  or  penetrat- 
ing them  as  a  delicate  filigree  work.  Others  consist  of  about  equal 
amounts  of  both  minerals,  and  finally  some  appear  as  scaly  hematite  which 
are  not  magnetic  and  contain  only  a  few  residual  grains  of  magnetite. 

Very  little  limonite  is  present  and,  when  found,  bears  no  relation 
to  the  amount  of  hematite.  In  fact,  the  hematite  appears  to  become 
hydrated  only  with  great  diflBiculty  and  most  of  the  limonite  seen,  which 
came  from  the  Magdalena  timnel,  is  a  direct  product  of  oxidation  of 
magnetite. 

The  metallographic  microscope  shows  that  the  pyrite  is  distinctly 
later  than  the  magnetite;  it  usually  forms  cubes  from  1  to  8  mm.  in 
diameter.  In  many  sections,  which  show  mostly  hematite,  pyrite  crystals 
remain  fresh  without  any  oxidation. 

Genesis  of  the  Deposits 

From  the  above  it  is  clear  that  the  primary  iron  oxide  of  the  deposits 
at  Daiquiri  is  a  magnetite,  which  subsequently  has  been  altered  more 
or  less  completely  to  a  hematite.  The  discussion  of  genesis  may  there- 
fore be  divided  into  two  parts:  The  first  relating  to  the  origin  of  the 
magnetite;  the  second  to  its  subsequent  hematitization. 

The  mineral  association  of  the  magnetite,  particularly  the  presence 
of  much  garnet,  shows  that  it  originated  under  high-temperature 
conditions. 

On  the  other  hand,  the  hematitization  is  probably  a  low-temperature 
process  developing  gradually  under  the  influence  of  oxidizing  atmospheric 
waters. 

The  principal  previous  contribution  to  the  question  of  the  origin  of 
the  Daiquiri  ores  comes  from  the  pen  of  A.  C.  Spencer  of  the  U.  S.  Geo- 
logical Survey.*    He  considers  three  views: 

»  Report  on  a  Geological  Reconnaissance  of  Cuba,  pp.  79  to  82  (Washington,  1901). 
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1.  The  orebodies  are  an  igneous  product  of  processes  of  differentiation 
in  a  molten  diorite  magma. 

2.  The  orebodies  are  a  product  of  contact  metamorphism  exerted  by 
the  diorite  on  included  masses  of  limestone. 

3.  The  orebodies  form  a  part  of  an  older  limestone-schist  series,  which 
was  disrupted  by  the  intrusion  of  the  diorite.  In  this  case  the  ore- 
bodies  were  formed  by  metamorphic  processes  in  these  sedimentary  rocks 
long  before  the  intrusion  of  the  diorite. 

Spencer  beUeves  the  first  and  second  theories  are  not  very  plausible, 
but  is  inclined  to  accept  the  third.     He  says:* 

"It  is  necessary  to  suppose  that  the  orebodies  of  the  metamorphic  series  were 
originally  widely  distributed  and  of  immense  size.  ...  A  mass  of  many  million 
tons  weight  floated  upward  by  the  buoyant  effect  of  molten  rock  in  motion  from  the 
interior  towards  the  surface  of  the  earth,  is  the  only  conception  which  adequately 
accounts  for  the  mode  of  occurrence  of  the  orebodies  of  the  Magdalena  and  Lola  mines 
at  Daiquiri;  while,  though  less  strikingly  shown,  at  Firmeza  (Juragua)  it  is  likely  that 
the  masses  of  schist,  marble  and  ore  have  been  likewise  actually  suspended  in  the 
molten  lava." 

Regarding  first  the  theory  of  origin  by  differentiation  in  the  diorite 
magma,  we  fully  agree  with  Spencer  that  there  are  weighty  objections 
against  it.  The  association  of  ore  with  andradite,  the  lack  of  transitions 
between  ore  and  diorite,  the  very  small  quantity  of  phosphorus  present, 
and,  last  but  not  least,  the  definite  character  of  the  orebodies  of  inclusions 
— all  these  considerations  militate  strongly  against  this  theory. 

The  third  theory  of  Spencer  presupposes  a  series  of  limestone  and 
hornblende  and  epidote  schists,  which  contained  immense  masses  of 
magnetite,  probably  formed  by  regional  metamorphic  processes,  and  of 
which  the  present  masses  are  but  small  remnants.  The  assumption  of 
such  a  series  of  metamorphic  rocks  does  not  seem  fully  proved.  At 
Daiquiri  there  is  bedded  limestone,  but  no  schist  whatever,  and  from 
Spencer's  description  of  Juragua  it  does  not  clearly  appear  that  the 
"schist"  at  that  place  really  constitutes  a  conformable  series  with  the 
limestone.  The  formation  of  such  tremendous  masses  of  magnetite,  as 
must  be  assumed  to  have  existed,  by  regional  metamorphic  processes 
is  wholly  improbable;  we  believe  no  such  deposits  are  known.  If  they 
were  formed  by  igneous  metamorphism  there  seems  to  be  no  evidence  of 
the  old  pre-dioritic  intrusive  which  caused  the  orebodies  to  form.  For 
these  reasons  it  seems  necessary  to  reject  the  theory  of  an  older  iron- 
bearing  series  of  sediments. 

There  remains  the  second  theory,  accounting  for  the  large  masses 
of  magnetite  included  in  the  diorite  by  contact-metamorphic  action  of 
the  magma  on  an  older  limestone,  by  which  the  latter  has  become 
almost  entirely  replaced  by  magnetite  derived  from  magmatic  emana- 

*  Idem,  p.  82. 
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tions  rich  in  iron.  While  it  is  freely  admitted  that  the  genesis  of  the 
Daiquiri  deposits  is  difficult  to  explain,  it  will  be  shown  that  the  view 
outlined  in  the  previous  sentence  has  much  in  its  favor. 

In  the  first  place,  the  relations  at  Lime  Point  prove  that  a  bedded 
limestone  formation  existed  here  before  the  intrusion  of  the  diorite  and 
that  the  fragment  preserved  at  this  place  has  been  partly  metamorphosed 
by  the  diorite,  with  the  development  of  garnet,  pyroxene,  and  magnetite, 
the  latter  in  not  inconsiderable  quantities.  The  composition  of  the 
main  orebody  is  that  of  a  contact-metamorphic  deposit  with  much 
andradite,  garnet,  quartz,  and  magnetite  and  some  residuary  calcite. 
It  has  been  shown  that  grains  of  residuary  calcite  inclosed  in  magnetite 
contain  prisms  of  amphibole,  indicating  exposure  of  these  grains  to 
metamorphosing  influences.  The  only  puzzling  question  is,  why  larger 
masses  of  calcite  have  not  escaped  the  metamorphism,  for  in  most  de- 
posits of  this  kind  the  change  to  ore  is  rarely  complete.  It  may  also 
seem  strange  that  a  smaller  mass  like  that  of  Lime  Point  should  have 
been  partly  metamorphosed,  while  the  much  larger  mass  of  Lola  Hill 
suffered  almost  complete  replacement,  but  the  capricious  character  of 
such  metamorphism  is  well  known. 

The  chemicaJ  composition  of  the  ore  is  exactly  that  which  would  be 
expected  in  a  contact-metamorphic  deposit.  The  percentage  of  phos- 
phorus is  very  low,  while  there  is  much  pyrite  in  places  and  some  chal- 
copyrite.  The  Uttle  phosphorus  present  is  contained  in  the  apatite 
prisms,  which  are  inclosed  in  the  quartz,  and  this  apatite  is  believed  to 
indicate  that  the  quartz  is  not  an  infiltration  which  took  place  at  low 
temperature,  but  that  it  was  of  magmatic  origin  and  deposited  from  very 
hot  solutions.  Still  another  argument  in  favor  of  a  genesis  by  replace- 
ment of  limestone  is  furnished  by  the  abnormal  percentage  of  lime  in 
the  dioritic  contact  rock  adjoining  the  deposit  in  many  places.  This 
percentage  is  much  too  high  for  a  normal  quartz  diorite,  or  in  fact  for 
any  igneous  rock  of  the  general  type  indicated  by  the  thin  sections,  and 
fK)ints  without  doubt  to  a  migration  of  lime  outward  into  the  igneous 
rock. 

The  enormous  amoimt  of  calcium  and  carbon  dioxide  which  must 
have  been  carried  away  and  the  correspondingly  large  additions  of  iron 
oxide,  silica,  and  sulphur  almost  strain  the  imagination,  it  must  be  con- 
fessed, but  students  of  contact  metamorphism  are  well  acquainted  with 
similar  and  well-authenticated  examples  elsewhere.  That  there  must 
have  been  a  most  energetic  interchange  of  constituents  between  the 
limestone  and  the  igneous  rock  is  indicated  by  phenomena  such  as 
dike-like  masses  of  andradite  and  magnetite  along  the  contacts  of  the 
orebody.  The  dikes  of  igneous  rock  intruded  into  the  iron  ore  appear 
to  be  somewhat  different  irom  the  diorite  and  are  either  granite  por- 
phyry or  aplite;  that  is,  complementary  dikes  of  a  later  generation. 
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The  violent  interchange  of  constituents  along  the  contacts  suggests 
that  the  diorite  was  fluid  when  the  metamorphism  took  place. 

Regarding  the  oxidation  of  the  magnetite  to  hematite  there  is  but 
little  to  add.  Hematite  appears  to  be  more  abundant  close  to  the 
surface  than  in  depth,  hence  an  increased  probability  that  descending 
surface  waters  effected  this  work.  The  change  from  magnetite  to  hema- 
tite involves  but  a  slight  addition  of  oxygen.  It  is  certain  that  the 
amount  of  this  gas  was  not  large  enough  to  oxidize  appreciably  the 
pyrite  at  a  distance  of  about  100  ft.  below  the  surface.  The  occurrence 
of  fresh  pyrite  in  almost  completely  hematitized  magnetite  is  an  mter- 
esting  feature  that  deserves  further  investigation. 

In  explaining  this  mode  of  oxidation,  the  rapid  erosion  of  this  r^on 
should  be  borne  in  mind.  At  the  surface,  magnetite  probably  tends 
to  become  converted  to  limonite.  It  is  likely  that  the  conversion  to 
hematite  takes  place  at  greater  depth,  below  the  water  level,  where  the 
amoimt  of  oxygen  available  for  the  process  is  much  smaller.  According 
to  this  view  the  hematitization  of  this  deposit  took  place  at  a  depth 
of  several  hundred  feet  below  the  original  surface,  and  as  the  conversion 
of  hematite  to  limonite  is  exceedingly  slow,  the  hematite  acted  as  a 
protecting  cover  for  the  magnetite  when  erosion  had  lowered  the  sur- 
face and  had  exposed  the  hematitized  portion  of  the  deposit  to  the 
action  of  surface  waters  richer  in  oxygen. 

The  Ores  of  the  Juragua  Mines 

General  Features. — Unfortimately,  time  did  not  permit  a  visit  to  the 
Juragua  mines,  situated  about  8  miles  west  of  Daiquiri  and  connected 
by  a  railroad  with  the  shipping  point  in  Santiago  Bay.  From  the  avail- 
able descriptions  by  Kimball  and  Spencer  the  deposits  are  on  the  whole 
very  similar  to  those  at  Daiquiri,  and  mainly  form  irregular  masses 
inclosed  in  an  igneous  intrusive  rock.  Spencer  mentions  a  schistose  rock 
closely  associated  with  the  iron  ore  at  Firmeza  mine  and  also  describes 
crystalline  limestone  in  close  contact  with  the  ore.  The  magnetite, 
according  to  a  figure  in  his  paper,  apparently  cuts  across  the  limestone 
and  both  are  intersected  by  narrow  porphyry  dikes.  The  present 
manager  of  the  Juragua  mines,  De  B.  Whitaker,  stated,  in  a  personal 
interview,  that  limestone  is  found  in  at  least  two  of  the  Juragua  mines 
and  the  garnet  also  occurs  in  the  ore.  The  deeper  levels  are  said  to  jdeld 
chiefly  magnetite. 

A  series  of  specimens  was  collected  from  the  large  stock  pile  at  the 
shore  of  Santiago  Bay  and  was  examined  with  some  care.  No  garnet 
or  limestone  was  found  in  the  stock  pile.  The  ore  is  in  large  part  the 
same  magnetite,  partly  converted  into  hematite,  which  characterizes 
the  Daiquiri  deposits,  but  there  was  also  ir  rH  or  less  granular  magnetite 
closely  associated  with  dark-green  finc-t,iaihed  igneous  rocks.    Many 
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specimens  consisted  of  a  mixture  of  magnetite  and  actinolite  or  of 
magnetite  and  pyroxene.  Epidote  is  abundant,  mostly  as  veinlets 
distinctly  later  than  the  ore;  intersecting  the  ore  are  also  many  veinlets 
of  quartz  and  small  dikelets  of  a  quartzose  granular  rock. 

The  Juragua  mines,  which  have  been  worked  since  1884,  have  yielded 
about  6,000,000  tons  of  iron  ore. 

Detailed  Descriptions. — The  igneous  rock  mentioned  above  is  fine 
grained  and  dark  green.  The  thin  section  shows  it  to  consist  mainly 
of  a  basic  feldspar,  mostly  labradorite  in  larger  and  smaller  prisms  and 
shredded  prisms  and  needles  of  green  hornblende.     The  rock  is  probably 


Fio.  4. — Photo uicHOOBAPH  of  Lean  Ore,  Jdbaoua  Mines. 
'  Black,  Magnetite;  gray  with  granular  surface,  Augite.     Magnified  70  diometera. 

an  altered  diabase  porphyry.  Accessories  are  magnetite  in  small  grains, 
apatite,  and  quartz.  Calcine  and  epidote  form  the  secondary  products. 
Other  dark-green  rocks  differ  radically  from  the  specimen  just 
described  and  recall  certain  p  oducts  of  contact  metamorphism.  The 
principal]  constituent  in  these  is  augite  in  grains  (Fig.  4),  often  small  and 
rounded  or  irregular,  more  rarely,  roughly  prismatic.  The  other  constit- 
uent is  magnetite  in  irregular  grains,  apparently  earlier  in  origin  than  the 
augite,  which  penetrates  it  in  veinlets.  In  one  section  a  single  grain  of  a 
basic  feldspar,  probably  'jytownite,  was  found,  while  in  another  section 
feldspar  was  a  little  more  abundant  and  none  of  the  lamellse  showed 
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extinction  of  more  than  21°,  which  would  indicate  andesine-labnulorite. 
Epidote  and  quartz  are  secondary  and  only  sparingly  present. 

Other  specimens  of  dark-green  lean  ore  contain  much  actinolite  in 
bands  or  bladed  a^regates,  and  more  or  less  quartz  in  granular  masses. 
Calcite  is  frequently  present  in  small  grains  and  veinlets  or  more  rarely 
in  larger  cleavable  masses  about  J^  in.  in  diameter.  Epidote  is  fairly 
abundant  in  larger  masses,  grains,  and  veinlets. 

A  number  of  ore  specimens  were  cut  by  sharply  defined  veinlets  of 


Fio.  5. — Photoobaph  of  Handed  Maonetite  Ore,  Jubaoua  Mines. 


Fio.  5. — FHOToaBAPH  OF  Handed  iMaonetite  Ore,  Jubaoua  mines. 

Black,  Magnetite;  light  gray,  Actinolite  with  some  Quarts.     Natural  site.    Specimen 

polished  OD  two  sides, 

quartz  with  more  or  less  perfect  comb  structure  and  frequently  a  central 
band  of  epidote  or  calcite;  in  one  case  the  quartz  veinlet  contained  well- 
formed  crystals  of  magnetite  and  pyrite.  Pyrite  forms  small  granular 
streaks  in  some  iron  ore  and  occasionally  a  little  chalcopyrite  with 
malachite  is  encountered. 

One  specimen  of  iron  ore  contained  several  dikelets  apparently  of 
igneous  origin  and  from  2  to  10  mm,  wide.  They  consist  of  a  granular 
mass  of  pink  feldspar,  quartz,  and  scattered  grains  of  magnetite, 

A  peculiar  banded  ore  may  deserve  special  mention.    Its  appearance 
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is  shown  in  Fig.  5,  which  is  a  photograph  in  natural  size  of  a  specimen 
polished  on  two  sides.  The  dark  bands  are  magnetite,  the  lighter  bands 
mainly  actinolite,  the  two  separated  by  curving  but  sharp  boundaries. 
The  needles  of  actinolite  are  mostly  perpendicular  to  the  banding.  In 
some  of  the  wider  bands  the  actinolite  is  partly  converted  into  asbestos. 
A  thin  section  shows  that  much  quartz  in  fair-sized,  interlocking  grains 
is  associated  with  the  actinolite  and  that  some  quartz  is  also  present  in 
the  magnetite  bands.  The  magnetite  forms  small  irregular  grains  and 
aggregates;  in  places,  however,  rectangular  outlines  are  seen,  suggest- 
ing crystal  form.  The  texture  of  this  specimen  strongly  suggests  dif- 
fusion banding,  such  as  might  form  in  a  material,  a  limestone,  perhaps, 
freely  penetrated  by  hot  iron-bearing  solution.  Somewhat  similar 
textures  have,  we  believe,  been  described  from  the  limestone  and  "skarn  " 
ores  of  central  Sweden.  Some  of  the  iron  ore  from  Juragua  is  distinctly 
reddish  and  scaly  like  normal  hematite  or  seamed  by  red  hematite.  Most 
of  it  is,  however,  dark  gray  and  fine  grained  and  shows  a  red  streak 
when  scratched.     The  granular  magnetite  is  less  common. 

Under  the  microscope  quartz  is  seen  to  be  a  common  constituent. 
Some  of  the  iron  ore  forms  rounded  grains  which  are  intimately  inter- 
grown  with  the  interlocking  quartz.  Much  of  it,  however,  is  in  the 
form  of  elongated  rectangles  and  needles  crossing  each  other  and  the 
quartz  grains  in  all  directions  or  gathered  into  radiating  clusters  or 
sheaves. 

The  metallographic  microscope  shows  that  the  Juragua  ores,  like  those 
of  Daiquiri,  are  intricate  mixtures  of  primary  magnetite  with  secondary 
hematite. 

A  specimen  before  polishing  was  a  fine,  black,  granular  mass,  with  a 
few  bright  surfaces  of  micaceous  hematite,  and  streaks  and  irregular 
patches  of  granular  pyrite,  some  of  which  showed  striated  crystal  faces. 
The  black,  granular  material  is  magnetic,  although  not  as  strongly  so 
as  pure  magnetite,  and  gives  a  red  streak.  The  study  of  the  polished 
face  shows  that  the  greater  part  of  the  ore  is  granular  magnetite.  Hema- 
tite occurs  as  a  rim  around  the  magnetite  grains,  and  penetrates  them 
in  an  exceedingly  intricate  manner.  Sometimes,  where  no  visible  open- 
ing exists,  it  penetrates  as  vein-like  threads  forming  a  beautiful,  lace-like 
pattern. 

Probable  Genesis, — The  iron  ores  of  Juragua  are  then  partly  hema- 
titized  magnetites  with  gangue  of  quartz,  augite,  actinolite,  and  epidote. 
Igneous  rocks  of  the  diabase  porphyry  type  occur  in  the  district.  The 
relationship  of  the  magnetite  to  the  augite  and  actinolite  strongly 
suggests  a  contact-metamorphic  origin  of  the  ore  and  this  conclusion 
is  strengthened  by  the  presence  of  chalcopyrite  in  the  ore.- 
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INDUSTRIAL  SECTION 


Weiss  Transit  and  Level 

The  illustrations  shown  are  the  transits  and  levels  manufactured  by 
the  Weiss  Instrument  Co,  of  Denver,  Colo.,  and  they  state  that  city 
and  mining  engineers  are  securing  satisfactory  results. 

It  is  claimed  that  their  patented  prismatic  telescope  gives  increased 
illumination  with  an  astronomical  eye-piece.  The  prisms  are  set  in  a, 
milled  seat  for  this  purpose,  and  cemented  in  so  they  can  never  come  loose 
or  out  of  adjustment.  All  adjustment  for  collimation  is  done  with  the 
cross-hairs.  This  telescope  is  8  in.  long  for  magnifying  power  of  20  diame- 
ters against  12  in.  for  regular  old  style.  The  field  is  1°  45'  with  a  clear 
aperture  of  IH  in-  The  standards  are  i%  in.  high  from  plate  to  center 
of  telescope  axis.    Weight  10  lb. 


Fio.  2.  Fio.  1.  FiQ.  3. 

The  Light  Mountain  Transit  of  the  same  type,  Fig.  I,  has  a  telescope 
6J^  in.  long,  magnifying  power  17  diameters;  field  2°  15';  clear  aperture 
1^6  in;  weight  9  lb. 

The  Mine  Transit  made  by  this  company  is  interesting  because  it 
may  be  sighted  directly  down  a  shaft.  The  principal  advantage  claimed 
for  this  type  is  the  arrangement  by  means  of  which  vertical  sights  can  be 
had  without  an  additional  telescope.  As  illustrated  in  Fig.  2  the  tele- 
scope is  in  the  position  of  a  regular  transit,  and  used  exactly  the  same. 

(  3  )  MmUod  thii  BoLLBmr  whtn  writiBf  BdnrttHn.  I 
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and  metallurgical  supplies  at  the  lowest  prices.  No  firms  or  supplies  of  dubious  reputation 
are  advertised  in  the  BuUetin.  If  members,  in  buying  any  material,  will  refer  to  the  advertise- 
ment of  that  material  in  the  BuUetin,  or  if  they  do  not  find  it  advertised  in  the  BuUetin,  will, 
when  ordering,  ask  the  manufacturers  why  the  goods  were  not  advertised  in  the  Institute 
publication,  it  will  be  of  material  benefit  to  all  of  us,  because  the  chief  reason  why  advertisers 
are  unable  to  trace  direct  results  is  because  purchasers  do  not  mention  the  Buttetin  when  writing. 
Finally,  if  members,  when  in  need  of  anything  whatsoever,  will  write  to  the  Institute  head- 
quarters, an  effort  will  be  made  to  send  them  a  complete  list  of  manufacturers  able  to  supply 
the  desired  materi^  of  good  quiUity.  The  furnishing  of  these  lists  will  be  a  benefit  to  our 
Advertising  Department,  as  well  as  to  the  members.  We  need  scarcely  call  attention  to  the 
advantages  obtained  by  the  members  from  the  money  which  advertising  brings  in,  because  all 
this  money  is  returned  directly  to  the  members  in  one  form  or  another. 
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Fig.  3,  the  standards  and  telescope  are  moved  by  means  of  a  fast  screw 
along  precisely  fitted  key  ways,  by  means  of  which  coUimation  is  retained 
the  entire  distance.  In  using  it  as  illustrated  in  Fig.  3  there  is  a  counter- 
poise which  overcomes  all  overbalances  of  the  telescope.  It  has  edge 
graduations,  vertical  circle  and  verniers,  horizontal  circle  reading  to 
minutes,  the  regular  head  and  shifting  center.  Phosphor  bronze  and 
bell  metal  are  used  throughout. 


The  Roebling  Wire  Rope  Sling 

The  recent  development  of  the  RoebUng  Wire  Rope  Sling  is  said  to  be 
one  of  the  greatest  advances  in  the  sling  field.  The  handling  of  hea\7 
machinery,  machine  parts,  castings,  structural  parts,  trucks,  etc.,  has 
long  been  a  problem  when  chain  or  manila  slings  only  were  obtainable. 


One  Typb  op  Roebling  Anchor  Slino 

The  uncertainty  of  chain  or  manila  slings  has  resulted  in  many  acci- 
dents— no  one  knowing  the  actual  strength,  owing  to  forgings  in  tension 
of  chain,  and  the  uncertainty  of  fiber  structure  of  manila  after  a  few 
months'  hard  service. 

(  4  )  [Mention  thia  Bvlutin  when  writing  advttitiaert.) 
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Hodd  3»  Slnglc-Phwe  D.  C  Wattmeter,  Write  for  Our  BuUetin  No.  3002 
Model  3Z9  Polyphaie  D.  C.  Wattmeter,  Write  for  Our  Bulletin  No.  2002 
Model  341  A.  C.  and  D.  C.  Voltmeter,  Write  for  Our  BuUetin  No.  20M 
Model  370  A.  C.  and  D.  C  Ammeter,  Write  for  Our  Bulletin  No.  2003 
This  group  warrants  the  careful  investigation  of  anyone  interested  in  the  art 
of  precise  Electrical  Measurement. 

Weston  Electrical  Instrument  Co.,  37  Westan  Ave.,  Newark,  N.  j. 
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Heretofore,  the  importance  of  the  sling  has  been  often  overlooked, 
owing  to  the  apparent  simplicity  of  the  equipment.  Men  in  charge  have 
not  been  inclined  to  give  its  design  serious  consideration. 

The  Roebling  sling  has  no  forgings  in  tension,  thus  being  uniform  in 
tensile  strength.  This  sling  is  manufactured  from  the  highest  grade  of 
steel — Roebling  Blue  Center — affording  the  highest  factor  of  safety  per 
size. 

To-day,  therefore,  the  doubt  and  uncertainty  of  the  past  in  regard  to 
tensile  stress  has  been  reduced  to  a  minimum. 

At  present  there  are  three  types:  The  Anchor,  Column,  Bridle.  As 
evidence  that,  size  for  size,  the  Roebling  sling  is  of  greater  tensile  strength 
than  chain,  besides  having  no  forgings  in  tension,  the  Roebling  Com- 
pany gives  the  following  interesting  data  on  common  chain  and  wire 
rope  slings: 
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Slinc  of  Equiva- 
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to  Anchor  Sling 
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NoTB. — Chain  slings  with  long  Unk  on  one  end  and  pear-shaped  slip  link  on  other  end. 


Trade  Note 


The  Hauck  Manufacturing  Co.,  142  Livingston  Street,  Brooklyn 
N.  Y.,  announces  that  it  has  an  interesting  exhibit  of  portable  and  station- 
ary oil-burning  appliances  and  kerosene  torches  at  the  Panama-Pacific 
International  Exposition  in  San  Francisco.  Its  exhibit  and  demonstrat- 
ing booth  is  located  at  Block  No.  49,  Machinery  Hall.  This  should  prove 
of  interest  to  any  of  our  members  visiting  the  Fair. 
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CYANIDATION             CONCENTRATION             FLOTATION 

1  ill  K  K  THICKENERS 
1/ Villi  AGITATORS 

In  use  by  Institute  Members  ali  over  the  World 
The  Dorr  Cyanrde  Machinery  Co. 

NEW  YORK                                DENVER,  COLORADO                                     LONDON 

Cordeau- 

Bickford 

Shot 

...An... 

ing  Safety  Fuse 

FOR 

SAFETY  and 
EFFICIENCY 

THE  ENSIGN   BiCKFORD  CO 

Original  Manufacturers  of  Safety  . 

,  Slmsbury,  Conn. 

"J'                  EatabOahed  t836 
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Electric  Caps  for  Wet  Work 

With  very  few  exceptions  those  who  use  explosives  for  blasting  pur- 
poses have  to  contend  with  water  in  the  bore  holes  to  a  greater  or  lesser 
extent.  When  blasting  by  electricity  and  there  is  very  little  water  en- 
countered, satisfactory  results  will  be  obtained  by  using  the  ordinary  type 
of  electric  blasting  caps.  However,  when  a  considerable  quantity  of 
water  is  found  in  the  bore  holes,  it  is  more  economical  to  use  electric 
blasting  caps  that  are  made  for  this  special  condition.  The  reason  for 
this  is  that  the  cotton  insulation  on  the  wires  of  an  electric  blasting  cap 
only  furnishes  protection  to  the  wires  from  abrasion  and  slight  protection 
from  water,  the  water  easily  penetrating  the  cotton  insulation,  causing 
short  circuits  and  consequently  misfires,  which  are  not  only  expensive 
but  also  dangerous. 

Because  of  the  water  conditions  the  Du  Pont  Powder  Co.  has  placed 
on  the  market  two  kinds  of  electric  blasting  caps  to  meet  the  demands  and 
also  to  furnish  the  consumer  with  an  electric  detonator  which  can  be 
used  under  the  most  severe  conditions.  One  kind  is  known  as  the  Du 
Pont  Waterproof  Electric  Blasting  Cap  and  the  other  as  the  Du  Pont 
Submarine  Electric  Blasting  Cap. 

The  construction  of  these  two  kinds  of  electric  blasting  caps  is  exactly 
the  same  so  far  as  concerns  the  detonating  charges  they  contain,  the  wires, 
the  cotton  insulation  on  the  wires  and  the  filling  material  above  the  de- 
tonating charge.  The  diflference  will  be  found  in  the  length  of  the  copper 
shells,  the  insulation  under  the  cotton  insulation  and  the  gutta  percha 
covering  the  copper  shells  and  extending  about  2  in.  up  the  wires 
on  the  Submarine  type.  The  length  of  the  copper  shells  of  the  No.  6 
Waterproof  and  Submarine  types  is  2^  in.,  of  the  No.  8  Waterproof  and 
Submarine  types  is  3  in. 

While  the  Waterproof  and  Submarine  types  cost  more  than  the  ordi- 
nary type,  yet  where  water  is  encountered  they  are  more  economical  and 
satisfactory  to  use,  and  users  of  blasting  supplies  should  use  them  to 
obtain  best  results  and  eliminate  the  liability  of  misfires. 

In  quarrying,  railroad  blasting,  tunnel  blasting,  shaft  sinking  and  so 
on,  where  a  depth  of  water  not  over  30  ft.  is  met  with,  the  Waterproof 
type  should  be  used.  Where  the  water  is  over  30  ft.  deep  then  the  Sub- 
marine type  should  be  used. 

Waterproof  and  Submarine  Electric  Blasting  Caps  are  made  with 
copper  wire  only.  The  Waterproof  can  be  secured  with  wire  lengths  as 
follows: 

4  8  12  16  20  24  28  ft. 

6  10  14  18  22  26  30  ft. 

although  longer  length  wires  may  be  had  if  necessary. 

The  Submarine  Electric  Blasting  Caps  will  not  be  carried  in  stock 
and  orders  will  only  be  filled  as  received  in  lengths  desired. — Du  Pont 
Magazine. 

(  8  )  [Mention  this  Bulletin  when  writing  advertiser*. 
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Successful 

Roll 

Operation 


Vours  for  a  postal  card. 


This  booklet  written  by  Mr.  James  Humes  was  made 
possible  by  the  "distinctive  features"  of  Traylor  Auto- 
matic Crushing  Rolls.  It  tells  all  about  "The  Fleeting 
Roll"  feature  which  is  only  one  of  the  many  depend- 
able points  of  superior  roll  construction. 

The  Traylor  Eng.  &  Mfg.  Co. 
Allentown,  Pa. 

N.  Y.  Offkc,  2e  Church  St. 

Western  OfHce,  Salt  Lake  City 

European  Representatives,  Wllflcy  Co.,  Ltd.,  London 
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Asbestos 

Fifty  years  ago  there  was  practically  no  asbestos  industry.  Today 
the  yearly  output  runs  well  up  into  the  millions  of  dollars  in  America 
alone,  while  every  civilized  community  in  the  world  uses  the  mineral  in 
various  forms. 

Although  we  have  ample  evidence  that  this  material  was  known  and 
used  by  the  versatile  Egyptians  and  their  long-buried  contemporaries,  it 
was  almost  forgotten  for  many  thousands  of  years,  until  in  quite  recent 
times  the  advent  of  high-pressure  steam  brought  the  need  for  a  material 
which  would  resist  higher  temperatures  than  anything  then  in  use. 

Attention  was  therefore  directed  to  the  large  deposits  of  asbestos 
known  to  exist  in  Canada,  particularly  in  the  eastern  townships  of  Quebec 
Province.  This  region  is  today  the  principal  source  of  supply  for  the 
world's  consumption. 

Asbestos  possesses  a  faculty  unique  among  minerals,  that  of  being 
spun  and  woven  into  thread  or  cloth.  It  is  also  capable  of  being  felted, 
but  unlike  all  organic  fibers,  which  are  tubular  in  their  formation  and 
therefore  easily  twisted  without  breaking,  asbestos  is  non-tubular,  and 
for  a  long  time  this  threatened  to  be  a  stumbling  block  in  the  way  of  its 
manufacture  into  textiles. 

It  is  certain  the  ancients  overcame  this  trouble  by  mixing  a  vegetable 
fiber  with  the  asbestos,  but  for  modern  purposes  this  is  impossible.  The 
difficulty  has  now  been  successfully  overcome  by  special  machinery,  so 
that  asbestos  is  now  spun  into  thread,  twisted  into  cord  of  considerable 
strength,  and  woven  into  a  variety  of  fabrics. 

The  list  of  possibiUties  of  asbestos  manufacture  is  far  from  being  ex- 
hausted by  textiles. 

The  engineer  is  indebted  to  it  for  packings  for  valves,  pistons,  and 
joints,  non-conducting  coverings  for  boilers,  pipes,  steam  chests  and  all 
heated  surfaces,  brake  blocks,  stack  and  flue  ducts  and  linings,  and  a 
variety  of  minor  articles.  Wherever  heat  shows  a  tendency  to  become 
unruly,  asbestos  can  be  depended  upon  to  curb  it. 

The  electrician  and  electrical  engineer  owe  a  great  deal  to  the  intro- 
duction of  asbestos  because  it  is  the  base  of  many  of  the  best  non-con- 
ductors of  electricity  yet  discovered. 

More  recently,  under  the  name  of  "Transite"  and  "Transite  Ebony," 
the  H.  W.  Johns-Manville  Co.  have  introduced  two  kinds  of  asbestos 
**wood"  which  is  being  largely  used  for  switchboard  purposes  and  a 
variety  of  other  electrical  uses,  including  station,  street-car  and  railway 
paneling  and  flooring,  telephone  and  motion-picture  booths,  etc.,  for 
which  its  ease  of  working,  lightness,  and  fireproof  qualities  make  it 
specially  suited. 

It  is  today  almost  possible  to  build  a  fireproof  asbestos  house.  At 
any  rate,  the  ordinary  house  may  be  walled,  ceiled,  fioored,  and  roofed 

(  10  )  [Mention  tUa  Bullbtin  when  writins  adyertiaen.! 
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TWO  MOUNTED  "JACKHAMERS" 

Averaged  i6o  feet  of  drift  per  month  in  strong  hard  granite  and  quartz, 
working  from  the  same  column,  two  eight  hour  shSts  per  day,  using 
but  two  men. 


The  advance  formerly  obtained  with  two  $\"  piston  drills,  using  four 
men  and  working  three  eight  hour  shifts  per  24  hour  day,  was  120 
feet  per  month. 

Reference:  Draper  Mine,  Soulsbyville,  Cat. 
THE  "JACKHAHER"  IS  DESCRIBED  IN  BULLETIN  4121 

INGERSOLL-RAND  COMPANY 

NEW  YORK  otiicc.  tu  w.m  ox.  LONDON 


Hammer  Your  Drill  Bits 

and  preserve  the  quality  of  your  sicel 

The  Sullivan  Sharpener 

is  a  new  machine  for  making 
and  sharpening  drill  steel  by 
hammering. 

SULLIVAN  SHARPENED 
steel  cuts  faster  and  wears 
slower  than  steel  sharpened  by 
other  methods. — The  all-kam- 
mer  process  does  it.  The  SUL- 
LIVAN SHARPENER  is  rapid 
in  operation.  It  makes  per- 
fect bits  from  new  stock  in  one 
minute  and  at  one  heat. 
SULLIVAN  SHARPENED 
Bits  are  perfect  in  shape  and 
uniform  in  gauge. 
Ask  for  Btdletin  87a 

Sullivan  Machinery  Co.  ""i:SoT*" 
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with  asbestos  boards,  shingles,  and  felts,  while  fireproof  roofings  have  a 
basis  of  asbestos.  Asbestos  is  used  also  as  a  siding  for  bungalows,  garages, 
and  other  small  buildings.  Larger  houses  are  plastered  with  asbestos 
stucco,  roofed  with  asbestos  shingles  (which  may  also  be  used  as  siding), 
and  may  be  painted  with  fireproof  asbestos  paint. 

By  combination  with  various  asphalts  and  Portland  or  hydraulic 
cement,  its  field  is  greatly  widened  and  a  great  number  of  additional 
products  are  added  to  the  list. 

The  field  for  asbestos  products  is  being  constantly  widened  by  modern 
industrial  expansion.  Its  marvelous  adaptability  and  its  powers  of 
resistance  to  heat,  water,  oil,  and  acids,  combined  with  a  capacity  for 
almost  indefinite  wear,  fully  entitle  it  to  claim  the  title  of  "the  mineral 
of  many  marvels." 

The  H.  W.  Johns-Manville  Co.  was  one  of  the  earlies^  to  recognize 
the  immense  future  possibilities  of  asbestos,  and  from  the  first  days  of  the 
industry  this  firm  has  been  prominently  identified  with  the  growth  and 
development  of  the  modern  demand  for  asbestos  products.  We  are  in- 
debted to  them  for  these  brief  outlines  of  the  industry. 


An  Automatic  Fire-Door  Release 

The  Automatic  Sprinkler  Co.  of  America,  125  William  Street,  N.  Y., 
calls  attention  to  its  device  for  automatically  releasing  fire  doors.  It  is 
claimed  that  it  is  absolutely  positive  in  its  action,  and  operates  on  a  new 
principle  of  fire  protection.  Normal  changes  of  temperature  have  no 
eflfect  on  it.  The  manufacturer  states  that  the  fire  door  closes  before  a 
fire  can  get  within  25  feet  of  the  opening,  and  it  can  be  arranged  to  soimd 
an  alarm  if  desired.  The  device  seems  to  be  simplicity  itself,  as  all  that 
is  necessary  for  installing  it  is  to  fasten  it  to  the  wall,  and  extend  and 
connect  to  it  the  cord  of  the  door.  The  company  will  be  glad  to  send 
full  details  to  those  interested. 


Trade  Catalogues 


Recording  Instruments. — The  Bristol  Company,  Waterbury,  Conn. 
Several  bulletins  and  pamphlets  on  pressure  and  vacuum  gauges,  record- 
ing thermometers,  electric  pyrometers,  time  recorders  and  ammeters. 
Well  written  and  profusely  illustrated.  Also  booklet  calling  attention 
to  their  exhibit  at  the  Panama-Pacific  International  Exposition,  and  the 
results  of  twenty-five  years'  experience  in  the  manufacture  of  recording 
instruments. 

9 

Pulverized  Fud  Combustion, — ^Aero  Pulverizer  Co.,  63  Broadway, 
N.  Y.    Literature  describes  their  method  of  pulverizing  coal  for  boiler 
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Tons  of 
Steel  and 
Strength 


Here  Ib  the  World's  Largest  and  Most  Powerful 

Electric  Mine  Locomotive 

A  JEFFRfEY  ARMORPLATE  TYPE 

This  30-Toii  Monster  is  one  of  the  two  Locomotives  that  the  Berwind 
White  Coal  Mining-Co.,  Windber,  Pa,,  recently  purchased  from  us  to 
handle  their  enormous  daily  tonnage. 

Write  for  further  particularB,  also  copy  of  Bolletiii 
No.  117-3  full;  describing  our  complete  Line 
of  Electric  and  Storage  Batter;  LocomotlTeB. 

JEFFREY  MFC.  CO,  902  IN.  Fourth  St,  Columbus,  0. 


MINE    ROPES 

form  the  most  important  part  of  mining  equipment. 
It  is  needless  to  say  that  the  best  care  after  installing 
is  not  all. 

ROEBLING  WIRE  ROPES 

in  all  processes  of  manufacture  from  the  very  ore  to 
finished  product  are  tested  and  supervised  by  most 
skilled  engineers. 

The  very  best  of  steel  is  in  Roebling  ropes.  This 
is  why  mining  engineers  specify  Roebling.  It  stands 
the  test  of  hardest  service. 

JOHN  A.  ROEBLINO'S  SONS  CO. 

TRENTON,  N.  J. 
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and  metallurgical  furnaces,  and  all  furnaces  requiring  a  temperature 
and  quality  of  flame  under  prompt  and  easy  control.     Illustrated. 

Microscopes, — E.  Leitz  Wetzler,  32  East  18th  Street,  N.  Y.  litera- 
ture covers  instruments  for  petrographic  and  metallographic  study. 
Illustrated. 

Oxygen  and  Hydrogen  Production, — International  Oxygen  Co.,  117 
Broadway,  New  York,  24  pp.  Describes  and  illustrates  the  importance 
of  pure  oxygen  for  welding  and  cutting,  and  the  saving  realized  by  pro- 
ducing the  gas  on  the  user's  own  premises. 

Temperature-Recording  Ir^truments, — H.  Weinhagen,  161  Leonard 
St.,  New  York,  47  pp.  A  descriptive  and  illustrated  catalogue  on  the 
line  of  Thermometers,  Hydrometers,  Pyrometers,  Barometers  and  Re- 
cording Instruments  manufactured,  together  with  prices  of  the  same. 
A  useful  catalogue  for  users  of  such  instrument. 

Hardness,  Heat,  etc,  Measuring  Instruments, — Shore  Instrument 
Company,  557  W.  22d  St.,  New  York.  Several  descriptive  and  illus- 
trated leaflets  on  their  various  apparatus  for  measuring  materials  for 
hardness,  heat,  elasticity,  etc.  Also  a  reprint  from  the  Iron  Age  describ- 
ing the  Shore  method  of  producing  partial  hardness  of  steel,  with  the  idea 
of  eliminating  warping. 

Rope. — The  Waterbury  Co.,  88  South  St.,  New  York.  Several  well- 
illustrated  and  descriptive  booklets  and  catalogues  on  the  Waterbury 
Brand  of  wire,  manila,  armored,  and  fiber-clad  rope,  together  with  data 
and  prices  of  interest  to  users  of  rope  of  all  kinds. 

The  VerUuri  Meter, — The  Builders  Iron  Foundry,  Providence,  R.  I., 
35  pp.  A  handsome  and  well-illustrated  descriptive  catalogue  of  their 
product  for  gravity  mains,  filtration  plants,  pump  discharge  lines,  hy- 
draulic plants,  etc.     Tables  and  other  interesting  data  are  included. 

Diesel  Engines, — The  Busch-Sulzer  Bros.  Diesel  Engine  Co.,  St. 
Louis,  Mo.,  15  pp.  Catalogue,  handsomely  illustrated,  describes  their 
type  B  engine,  its  efficiency  and  economy.  Fuel  control,  life  and  manu- 
facturing data  are  given. 

Drill  Sharpeners. — Sullivan  Machinery  Co.,  Chicago,  111.  Bulletin 
No.  72  just  published,  gives  valuable  information  on  the  Sullivan  Drill 
Sharpener  for  making  drill  bits  and  shanks  by  hammering.  23  pp.,  illus- 
trated. 
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The  Slogan  of  tho  Canunm— "Character:   The  Oratidmt  THng" 

ECONOMICAL  AND  DEPENDABLE  PUMPS 

Down  in  the  mine 
where  the  service 
is  continuous  and 
exacting,  you 
need  pumps  that 
are  not  only  eco- 
nomical, but  ab- 
solutely depend- 
able. 

Cameron  Centrifugals 

have  just  those  features  of  design  and  construction  which  make  them  superior  for 
this  class  of  work.. 

Note  the  simplicity  of  the  MuUi-Stage  Turbine  type,  illustrated.      The  hori- 
zontally split  casing  allows  quick,  easy  access  to  all  working  parts.     Unusual  care 
in  choosing  material  and  thoroughness  of  manufacture  insure  low  upkeep  costs. 
Get  your  pumping  done  at  the  least  expense — install  the  Cameron. 

Ask  for  full  parlicidars  and  Bulletin  No.  151. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

II  BROADWAY,  NEW  YORK  10  OKIcea  the  WorM  Over 


Current  Consumption 

In  Vulcan   Hoists 

^  Of  the  current  consumed,  some  is  obviously  chargeable  to 
load,  some  to  inefficiencies  in  transmission  lines,  and  some  to 
absorption  by  the  hoist. 

1[  Every  one  of  these  items  interests  us  intensely — ^being 
hoist  builders — but  the  last  is  the  one  that  we  strive  to  keep 
as  low  as  possible. 

V  Liberally  surfaced  bearings,  ample  gear  and  drum  dimen- 
sions, excellent  braking  systems  (band  or  prost-type,  hand  or 
air  operated) — these  are  the  factors  that  keep  hoist  current 
consumption  low. 

H  Any  Vulcau  operator — and  there  are  thousands — can  tell 
you  how  httle  current  Vulcans  consume;   and   how  much 
power  they  develop  in  the  face  of  low  bills  for  energy, 
S  Write  for  facts  today. 

IRON  WORKS 


VULCAN 


(MutiaB  tbli  BnUiBTiH  ' 
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ALBANY 
GREASE 


ALBANY  LUBRICATING  CO. 

Adam  Cook's  SoiiBi  Proprietors 

708-zo  WoUngtoa  8tn«t  H«w  York  CItj 

Mannfacturors  of  Albany  GreasOt  Cook's  Lubricant  and 
Albany  Aotomobtte  and  Machinery  Oils.  Mannfactnrera 
and  refiners  of  lubricants  for  every  condition  and  serr- 
ice.    Write  for  descriptive  matter. 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  CO. 

Milwaukee*  Wisconsin. 

MrniNG  MACHINERY  of  Bveiy  Type.  Complete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmers,  Limited. 
Toronto.  Ont 


PUMPS 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway.  New  York. 

CAMERON    VERTICAL    PLUNGER     SINKING 
PUMPS,  for  shaft  sinkingr.    CAMERON  HORIZON- 
TAL  PLUNGER   STATION  PUMPS,  for  handlinir 
gritty  water. 

MOTORS 

FOR 

EVERY 

PURPOSE 

CROCKER-WHEELER  CO. 

Ampere,  N.  J. 

Manufacturers   oi   Electric    Motors,   Generators    and 
Transformers.    Alternating  and  Direct  Current 

ASSAY ERS 

AND 

CHEMISTS 

SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Cele.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIPIERS,  MufBes,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


DENVER  ROCK  DRILL  MANUFACTURING  Ca 

Denver,  Colo.        El  Paso,  Tex.        New  York  City. 
Salt  Lake  City,  Utah.  San  Franoleoo,  Cal. 

MANUFACTURERS  OP  WAUGH  DRILLS. 
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METALLURGICAL  E(3UIPMENT 


THE  DORR  CYANIDE  MACHINERY  CO. 

Now  York  DENVER,  COLO.  London 

Mochinory  In  use  for  Cymniding.  Wot  grmwftj  Concon* 
tratiott,  Slotetion,  LoAchinc  Coppor  oros  and  many 
non-motaUnigiGal  indnstrial  procosaos. 


CLASSIFIERS 
THICKENERS 


AGITATORS 


EDISON  STORAGE  BATTERY  CO. 

Orange,  N.  J. 

Manufacturers  of  ^e  EDISON  STORAGE  BATTERT 
for  Mine  Haulage.    Write  for  descriptive  bulletin. 


EDISON 
STORAGE 
BATTERY 


THE  ENSIGN  BICKFORD  CO. 

SImabury,  Conn. 
Mannf  acturora  of 

SAFETY  FUSE  CORDEAU-BICE^ORD 

For  all  Blasting  Oporationa 

Fuao  for  apodal  roquiremonts 


CORDEAU- 
BICKFORD 


SAFETY  FUSE 

FOR 
ALL  BLASTING 


BLASTING 

SUPPLIES 


GENERAL  ELECTRIC  CO. 

Sohonooiady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.    ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 

ELECTRIC 

MINE 

LOCOMOTIVES 

• 

GOODMAN  MANUFACTURING  CO. 

Chloago,  lllinoia. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTE 

MINE 
LOCOMOTIV 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  *«Loaglife"  '<  Masocon"  ft  <<Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


CONVEYOR 
BELTS 


[Mention  thk  Bullkin  whan  writina  AdfertiMn.] 


07) 


A  DIRECTORY  OF  MINING  AND 


SURVEYING 

INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


W.  ft  L  L  GURLEY 

Ttoy,  H.  Y. 

Braneb,  Seattle,  Wash. 

Mannfactorere  of  ''Giiriey  Quality**  transits  and  levels. 
Con^ete  catalogue  covering  mining  instruments  sent 
upon  revest    Have  one  on  file. 


BRICK 

HRE  CLAY 
SILICA 
MAGNESIA 
CHROME 

HARBISON-WALKER  REFRACTORIES  Ca 

Pittslmrg^,  Penna. 

Refractories  of  highest  grade  for  Blast  Fomace  and  tiie 
Open  Heardi,  Electrical  Furnaces,  Copper  Smelting 
plants.  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  well  as  all 
other  types  in  use  in  die  various  metallurgical  processes. 

INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


HELLER  &  BRIGHTLY 

Philadelphia,  Pa. 

INSTRUMENT  MAKERS 

Madiematical,  Optical,  Engineering,  Surveying  and 
Astronomical  Instruments. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

Peru,  III. 

Manufacturers  of   SPELTER,    SHEET    ZINC 
SULPHURIC   ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  New  York. 

'^Return-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
'«Electrlc-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
"Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

MINING 

MACHINERY 


THE  JEFFREY  MFG.  CO. 

Columbus,  Ohio* 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Fans,  Hoists, 
Pumps,  etc. 
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METALLURGICAL  EQUIPMENT 


LEAD  LINED  IRON  PIPE  CO. 

Wak«fl*l4,  Man. 
LBAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — ^for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


A.  LESCHEN  ft  SONS  ROPE  COMPANY 

St  Lottis,  T7.  S.  A. 
N«w  York        CUcago        Salt  LtJn       Daarer        San  Fnmdsco 

Maiiiifactnrers  of  hi^fh  grade  Wire  Rope  for  all  pur- 
poses, indoding  the  celetxrated  HBRCULES  Red  Strand 
Wire  Rope,  and  Wire  Ropes  of  Patent  Flattened  Strand 
and  Locked  Coil  constructions*  Aerial  Wire  Rope  Tram- 
ways for  economical  transportation  of  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


THE  LUFKIN  RULE  CO. 

Saginaw,  Mich. 

measuring; 

Tapes  for  absolute  accuracy  in  measurements.    Send 

TAPES 

for  descriptiye  catalogue. 

MASHEK  ENGINEERING  CO. 

90  West  St.,  New  York. 

BRIQUETTING 

Complete  plant  equipments  4,  8,  z6  and  35  tons  of  a  to 

3  oz.  smokeless  and  odorless  briquettes  per  hour.    Com- 

MACHINERY 

plete  plants  designed  and  erected. 

ROBINS  CONVEYING  BELT  COMPANY 


New  Tork 

Chicago  Oflica 


Z3-az  Park  Row 

Old  Colony  B>ld*c. 

Manufacturers  of 
Belt  Conveyors— Bucket  Elevators — Ore  Bedding  Sys- 
tems—Unloading, Stocking  and  Reclaiming  Towers  and 
Bridges-— Conveyor  Auxiliaries. 

Write  for  Bulletins 


ROBINS 
CONVEYING 


MACHINERY 


JOHN  A.  ROEBLING'S  SONS  CO. 

Trenton,  N.  J. 

WIRE 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 

ROPE 

agencies  and  branches  throughout  the  country. 

[MoBtioii  tills  BvLLBTEM  whoii  writliia  advartlaon.] 
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POSITIVE 

PIIE88UIIC 

BLOWCR8 

VACUUM  AND 
ROTARY  PUMPS 

QAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Connttrsvllitt,  ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,  Foundry  and  .Filtration  Work.  Write 
for  Catalogue. 


DRAFTING 

E.  G.  RUEHLE  ft  CO. 

SUPPLIES 

119  Fulton  St.,  New  Toric 

SURVEYING 

Bnuicli,  Newark,  N.  J. 

INSTRUMENTS 

Drafting  Room  and  Field  Supplies.    Tracings  and  Blue 

TRACINGS 

Prints  Prepared. 

WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

89  Ferry  Street,  New  York 

Manufacturers  of  SCHIEREN*S  DITXBAK  WATER- 
PROOF LBATHBR  BELTINO.  The  belting  is  water- 
proof and  chemical  proof,  perfect  in  material  and 
workmanship. 


ROCK  DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  Sooth  Michigan  Ave.,  Chicago,  HL 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Pans. 


BRIDGES 

AND 
DERRICKS 


THE  TERRY  ft  TENCH  CO.  Inc. 

Grand  Central  TerminaL 
NEW  YORK  CITY. 

Bridge  Builders,  Contractors  and  Derrick  Builders. 


MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  ft  MANUFACTURING  CO. 

Main  O  Aea  and  Works— Allantown,  Pa. 

Msw  York  O  Aea,  Ftf^f^^SIl 

SO  Church  Strsst  Salt  Lake  CItj 

Mamtfacturers  of  MINING,  MILLING,  SMELTING 
and  CRUSHING  Machinery.  TRAYLOR  Products  pos- 
sess Quality.    Our  Expert  Engineers  are  at  your  serrice. 
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UNION  IRON  WORKS 

Newark  Street,  Hobdien,  N.  J. 

Derrick  attachment  for  ezcavatiiig.  Does  same  work  as 
steam  shovel  or  dipper  dredge  at  fraction  of  the  cost. 
Ask  us  about  it 


DERRICK 
EXCAVATORS 


L  V06ELSTEIN  ft  CO. 

42  Broadway  New  Tork 

Buyers,  smelters  and  refiners  of  ores  and  metals  of  all 
classes. 


AND 
lETALS 


VULCAN  IRON  WORKS 

Wilkes- Barre,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


AIRUCMtnVB 

KfiuaBicninT 
du-wAsiiw  puim 


OUSHIW  SACIIinV 
fiASHINE  UCMMTIVB 
MlSnW  Ml  IIIIIUM  BA- 

ciiinv 
STM  uostTms 

VENTIUTIM  Mrs 


WESTINGHOUSE  ELECTRIC  ft  MFG.  CO. 

Bast  Pittsborghi  Pa. 

THE  BALDWm-WESTmOHOUSB  ELECTRIC  MUTE 
LOCOMOTIVES.  For  foil  information  write  either  to 
above  address  or  THE  BALDWIN  LOCOMOTIVE 
WORKS»  Philadelphia,  Pa. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMBTER8 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


JT  PAYS  TO  ADVERTISE^ 

TOUR  PRODUCT  Uf  A  MEDIUM  WHOSE  READERS 

REPRESENT  THE  LARGEST  BUYING  UNITS  IN  THE 

MINING  FIELD.    TOUR  ADVERTISEMENT 

IN  THE  A.  I.  M.  L  BULLETIN 

WILL  PROVE  A  PAYING  INVESTMENT.    WRITE  US  FOR  RATES. 
AMERICAN  mSTITUTE  OF  MINING  ENGINEERS  29  WEST  39TH  STREET,  NEW  YORK 


(Mention  tbia  Bullbiiv  whea  writinc  adTertlMn.] 


(21) 


BULLETIN,  A.  L  M.  E.— ADVERTISING  SECTION 


PROFESSIONAL   CARDS 

ALDMOQE,  WALTER  H. 

•    MeteQnrgical  Bngfaieer 
14  Wall  StTMt                  NEW  TOBK 

HAMMOND,  JOHN  HAYS, 

ContttJtinc  Engineer, 
71  Bioadwmy,              NEW  YORK. 
Code:  Bedfard-McNtiU. 

BEATTY.  A.  CHESTER 

CoMutting  Mining  EnglnMr, 
71  Bn»dway. 

NEW  YORK,  N.  Y. 

Cable  Addiess: 

Granitic. 

HANKS.  ABBOT  A. 

Cbealet  and  Aseayer 

Esublished  i866 

Control  and  Umpire  Assays,  Superrl- 
sion  of  Sampling  at  Smelters,  Chemical 
Analyses   of  Ores,   Minerals,    Mineral 
Waters^  etc. 

130  Stcnneito  81    San  Francleoe,  Cal. 

BURCH,  H.  KENYON 

Mecbailcal  ai4  Metallirglcal  Eigiaecr 
Care  Insjiintioii  Consolidated  Copper  Co. 

MIA.;il,  QIU  COUNTY,  AHZONA 

Deaigner  and  Builder  of 
Power,  Hol8titt|.  Pamnbnc, 

Specialties  Conoentration  of  Orea. 

Boonomio  Handling  of  Materlala. 

HOYLE,  CHARLES 

Mining  Engineer, 

Apartado  8,  El  Oro, 

ESTADO  DE  INEXICO,  MEXICO. 

CHANNIN6,  J.  PARKE 

ContHltlng  Engineer, 
6i  Bboadway,              NEW  YORK. 

LEDOUX  ft  COMPANY 

Assayers  and   Samplars 
99  John  Street              NEW  YORK 

Independent  Ore  and  Metal  Samplers. 

Representatives  at  all  Refineries  and 
Smdters  on  Atlantic  Seaboard. 

COULDREY,  PAUL  & 

liiniiig  Engineer 

Qeneral  Mining  Superintendent 
CaBBO  DB  PAaco  Mining  Co. 

CERRO  de  PASCO,  PERU 
SOUTH  AMERKA 

MYERS,  DESAIX  B. 

Mining  Engineer 

321  Story  Bmlding         LOS  ANOKLBS 

1?  ATP«?  ,,. 

MAKE  ARRANGSMBirrS 
NOW  FOR  TOUR  CARD. 

FOR  PROKKSSIONAL   CARDS 
QUOTED    ON    APPLICATION. 
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PROFESSIONAL   CARDS 

RAYMOND,  R0S8ITER  W. 

Mining  Engineer  and  Metallvrgitt 

29  West  Thirty-Ninth  Street 

NEW  YORK 

REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRIDGE,  COLORADO 
Gibli:  "Dredger" 
Mm:  Bedflird-MoNeii 

nCHAROS,  ROBERT  H. 

On  Drm<ii# 
MimchiiiiiHi  InrttPte  of  Teclmoioty 
BOSTON,  MASS. 

8PILSBURY,  E.  GYBBON, 

Ckmsidtiiic,  OiTll»  WiilJif 
and  MetaUnrsloal  Bngtneerc 

45  Broadway.              NEW  YORK. 

Oabla  Addnss:  ^gpUr—^  JfeMr  7«rfe. 

RIOROAN,  D.  M. 

ContuUing  Stiffin^tr 

Ifininc  Inveetigations  espeeially  carefully 
made  tor  responsible  intendlnc  investors. 

City  livestlif  BMf.,  165  Brt adway.  New  Ytrt 

"IT  WILL   PAY   YOU   TO 
HAVE  YOX7R  NAME  LISTED 
AMONG    PROFESSIONAL 
MEN    OF  STANDING'* 

YOUD,  HERBERT 

Mining  Engineer 

Guards,  PoKugal 

Code:  Bedford-McNeUl 

• 

L.  VOGELSTEIN  CS, 


4a  Broadway 


BUYERS,  SMELTERS 
AND    REFINERS   OF 


CO. 

NEW  YORK 


Ores  arxl   Metals  of  All  Classes 

Agents  for: 

▲ron  Hlrsch  A  8ohn,  Halberstadt,  Germany. 

United  States  Metals  Rellninc  Co.,  Chrome,  ST.  J.  and  Orasselli,  Ind. 

American  Zinc,  Lead  A  Smelting  Co.,  Caaejr  and  Dearing,  Kansas. 

Kansas  Zinc  Co.,  La  Harpe,  Kansas. 

The  Blectrolytic  Reflning  A  Smelting  Co.  of  Australia,  Ltd.,  Port  Kembia,  N.  S.  W. 


(Mention  this  Bvllbtin  when  writing  advertisers.) 
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ALPHABETICAL  LIST  OF  ADVERTISERS 


Paob 

Albany  Lubricating  Co 5 

Allia-Chalmers  Manufacturing  Co 16 

Beer,  Sondheimer  &  Co 3 

A.  S.  Cameron  Steam  Pump  Works 15 

Crocker-Wheeler  Co. 16 

Denver  Fire  Clay  Co 16 

Denver  Rock  Drill  Co 16 

Dorr  Cyanide  Machinery  Co 7 

Du  Pont  Powder  Co 3 

Edison  Storage  Battery  Co Inside  Back  Cover 

Ensign  Bickford  Co 7 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co 17 

B.  F.  Goodrich  Co Inside  Front  Cover 

W.  A  L.  E.  Gurley 1 

Harbison- Walker  Refractories  Co 18 

Heller  &  Brightly 1 

Illinois  Zinc  Co 18 

Ingersoll-Rand  Co 11 

Jeffrey  Matiufacturing  Co 13 

Lead  lined  Iron  Pipe  Co 19 

A.  Leschen  &  Sons  Rope  Co 19 

Lufkin  Rule  Co 5 

Mashek  Engineering  Co 19 

Robins  Conveying  Belt  Co 19 

John  A.  Roebling's  Sons  Co 13 

P.  H.  &  F.  M.  Roots  Co 20 

E.  G.  Ruehle  A  Co 7 

Chas.  A.  Schieren 5 

Sullivan  Machinery  Co ' 11 

Terry  A  Tench  Co 20 

Tray  lor  Engineering  &  Manufacturing  Co 9 

Union  Iron  Works 1 

L.  Vogelstein  A  Co 23 

Vulcan  Iron  Works 15 

Westinghouse  Electric  A  Mfg.  Co 21 

Weston  Electrical  Instrument  Co 5 

(  24  )  [Mention  this  Bullbtin  when  writinc  advertiten.] 
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Bulletin  of  the 

American  Institute  of 

Mining  Engineers 

PUBLISHED  MONTHLY 


SECTION  I 


UbratT-. 


Bailormant *     buUtnt*  Commtttaei, . 

Local  SscUoa  Hswi tI      Ofllcen 


SECnOH  n.— PAPERS  AND  DISCUSSIONS 

The  DiBiemiiiftted  Copper  Ores  of  Bingham  Caayon,  Utah.    B;  J.  J. 

Beeson 3191 

mumiiuttioa  of  Mines.    Bjr  Robej  t  P.  Burrows 33ST 

The  Bvolution  of  Drillmg  Rigs.    By  R.  B.  Woodwortb 9U7 

Industrial  Section   ....       Interpolated  in  Advertising  Section. 


II 

For  the  Correct 

Number  of  Plies 

\ere  belts  operate  under 
specific  conditions 

^  Ask 

mmxivsiss^s^ 

CoODItlCH 

for  Big  Chart  Copies 

and    11  fdpy  iif  the   formula    bcwklct    reprinted    from 
Bulletin    No.    103,  September,    I9i:>,    American    In- 
stitute   i>f    Mininj;    Engineers. 

Properly  wlected 

Goodrich  Conveyor  and  Transmission  Belts 

stand  an.v  iifucllini:  service.     Regardless  of  what  belts  you  have  used 
in  the  luist,  get  tlie  charts  and  canveniciitly  matce  selections  that 

THE  B.  F.  GOODRICH  COMPANY 

AraneA..  in  All  Prim^ipal  Citif                      Fulori»i  AKRON,  OHIO 
MAKERS  OF 

Belting,  Mattiiv,  Til«f,  Footweer.  Pup  VsIth.  Pukini.  HMt,  Etc 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  West  39tli  Street,  New  York,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr.. 


(Name  In  Full) 


Occupation, 


Address. 


is  hereby  proposed  hy  the  undersigned,  as  a. 


of  the  American  Institute  of  Mining  Engineers, 


SignAtures  of  three 

Members  or 

AflBOciates. 


Plcuce  ofhirih. 


Year  of  birth. 


EducatioTh,  general  and  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 


Dat*s 


Record  of  experience.  Briefly,  the  past  and  present  employment, 
with  Thames  of  employers,  companies  and  associates.  (Proper  najnes, 
names  of  companies,  etc.,  should  be  written  without  abbreuiations.J 


Da/es 

1 

^^ 

• 

Present  position. 


JSignature. 


Dated. 
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EXTRACTS  PROM  THE  CONSTITUTION. 

ARTICLE  II.->Membzbs. 

8ec.  1.  The  membenhip  of  the  Institute  shall  comprise  four  claases,  namely:  1.  Memben;  2.  Hon- 
orary Members ;  8.  Associates ;  4.  Junior  Memben.  *  *  * 

Sec.  2.  The  following  classes  of  persons  shall  be  eligible  for  membeiship  in  the  Institute,  namely :  as 
Members,  all  professional  mining  engineers,  geologists,  metallutgisti,  or  chemists,  and  all  penons 
actiyely  engaged  in  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  Aawdates,  all 
persons  desirous  of  being  connected  with  the  Institute  who  in  the  opinion  of  the  Board  of  Dlieeton 
are  suitable. 

As  Junior  Members,  all  students  in  good  standing  in  engineering  schools  who  hare  not  taken  their 
degree!  and  who  are  nominated  by  at  least  two  of  their  instructors.  *  *  * 

Erery  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approved  by  the  Committee  on  Membership,  as  pie- 
scribed  in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directors. 


fiarvard  Oolle^sre  Library 

Aug.   14,   ^9:6. 

Bequest  of 

■raemuB  Darwixx  Leavlltt 


BULLETIN  OF  THE 

AMERICAN  INSTITUTE  OF 

MINING  ENGINEERS 

PUBLISHED  MONTHLY 


No.  107  NOVEMBER  1915 


Published  Monthly  by  the  American  Institute  of  Mining  EnffLneera  at  212-218  York  St., 
York,  Pa.,  H.  A.  WnoTXK>r,  Publication  Manager.  Editorial  Office,  29  West  39th  St..  New  York, 
N.  Y.,  Bbadlxt  Stouobton,  Editor.  F.  O.  Pxbbcv,  Asst.  Editor.  Cable  address,  "Aims/*  Western 
Union  Telegraph  Code.  Subscription  (including  postage),  $10  per  annum;  to  members  of  the  Insti- 
tute, public  libraries,  educational  institutions  and  technical  societies,  %5  per  annum.  Single  copies 
(including  postage),  $1  each;  to  members  of  the  Institute,  public  libraries,  etc..  60  cents  each. 

Entered  as  Second  Class  matter  January  28,  1914,  at  the  Post  Office  at 
York,  Pennsylvania,  under  the  Act  of  March  3,  1879. 


NEW  YORK  MEETING,  FEBRUARY,  1916 

The  112th  Meeting  of  the  Institute,  and  the  Annual  Business  Meeting, 
will  be  held  at  the  Headquarters  of  the  Institute  in  New  York  City, 
Feb.  15  to  17,  1916. 

The  Chairmen  of  several  of  the  technical  committees  report  that 
papers  on  subjects  of  timely  interest  in  their  respective  branches  have 
been  promised.  David  H.  Browne,  who  was  appointed  Chairman  of 
the  Committee  on  Arrangements,  is  organizing  his  committee  for  active 
work. 

Members  are  urged  to  make  their  plans  now  to  be  present  at  this 
meeting  to  avail  themselves  of  the  pleasant  opportunity  for  greeting  old 
friends  and  making  new  ones  among  those  engaged  in  the  same  pro- 
fession. 

All  papers  to  be  presented  at  this  meeting  of  the  Institute  must  be 

in  the  hands  of  the  Secretary  on  or  before  Dec.  1,  1916. 


HI 
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PERSONAL 

(Members  are  urged, to  send  in  for  this  column  any  notes 
of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  registered  at  Institute  headquarters  during 
the  period  Sept.  10  to  Oct.  10,  1915: 


George  H.  Blakemore,  Sydney,  N.  S.  W. 
H.  Haege,  Sydney,  N.  S.  W. 
C.  A.  Filteau,  New  York,  N.  Y. 
M^on  R.  Walker,  Cerro  de  Pasco,  Peru. 
William  R.  Grunow,  Morenci,  Anz. 
E.  DeGolyer,  Norman,  Okla. 
William  W.  Elmer,  Tuttletown,  Cal. 
Huntington  Adams,  Iquique,  Chile. 


W.  B.  A.  Dingwall,  San  Antonio,  Tex. 
R.  H.  Jeffrey,  London,  England. 
H.  S.  Emlaw.  Spring  Lake,  Mich. 
Y.  T.  Woo,  Tientsin,  China. 
A.  L.  DeDeken,  Lou  vain,  Belgium. 
K.  P.  Swensen,  Tokyo,  Japan. 
Charles  Enrian,  Wilkes-Barre,  Pa. 
C.  F.  Schnepp,  Cobalt,  Ont.,  Canada. 


W.  Ray  Cox,  for  several  years  Mineral  Inspector  of  the  General  Land 
Office  at  Portland,  Ore.,  has  been  appointed  Professor  of  Mining  and 
Metallurgy  in  the  School  of  Mines,  Oregon  Agricultural  College,  CorvalUs, 
Ore. 

J.  E.  Johnson,  Jr.,  has  been  elected  Chairman  of  the  New  York 
Section  of  the  Mining  and  Metallurgical  Society  of  America;  A. H.Rogers 
was  re-elected  Vice-Chairman. 

Arthur  W.  Burgren  has  accepted  a  position  with  the  Cinco  Minas  Co., 
at  Magdalena,  Jalisco,  Mexico. 

W.  L.  Honnold,  who  recently  retired  from  the  Chairmanship  of  the 
Brakpan  Mines,  the  Springs  mines,  and  the  Transvaal  Gold  Trust,  has 
taken  up  his  residence  at  Hyde  Park  Hotel,  Knightsbridge,  London, 
England. 

C.  F.  Kelley,  Vice-President  of  the  Anaconda  Copper  Mining  Co., 
has  transferred  his  residence  from  Butte  to  New  York,  but  will  continue 
to  have  direct  connection  with  all  operations  of  the  company  in  Montana. 

John  Gross  has  opened  an  office  as  mining  and  metallurgical  engineer 
at  523  McPhee  Building,  Denver,  Colo. 

H.  P.  Zeller,  Assistant  Superintendent  of  the  coke  plant  of  the  Republic 
Iron  &  Steel  Co.,  Youngstown,  Ohio,  has  resigned  to  become  Superin- 
tendent of  the  new  byproduct  plant  of  the  Toledo  Products  Co. 

Thomas  A.  Edison  was  elected  Chairman;  William  L.  Saunders, 
Second  Vice-Chairman,  and  Thomas  Robins,  Secretary,  of  the  Naval 
Consulting  Board  at  a  meeting  held  in  Washington  on  Oct,  7,  1915. 

L.  W.  Ledyard  is  Superintendent  of  the  Teck-Hughes  Gold  Mines, 
Ltd.,  of  Kirkland  Lake,  Ont.,  Canada. 

Walter  E.  Gaby  is  Assistant  Geologist  on  the  staff  of  the  Anaconda 
Copper  Mining  Co.,  Butte,  Mont. 

Corey  C.  Bra3rton  has  returned  to  San  Francisco  after  a  summer  spent 
in  making  placer  examinations  in  the  Nome  region,  Alaska. 


Amekican  Institute  op  Mining  Engineers  v 

REPORT  OF  THE  COMMITTEE  OF  NOMINATIONS 

September  28,  1915. 

The  Nominating  Committee  of  the  American  Institute  of  Mining 
Engineers  has  the  honor  to  present  the  following  nominations  for  officers 
of  the  Institute  to  be  voted  for  at  the  1915  Annual  Meeting: 

For  President: 

L.  D.  Ricketts District  0 

For  Vice-Presidents: 

Karl  Filers District  0 

James    MacNaughton District  4 

For  Directors: 

Thomas  B.  Stearns District  7 

Charles  F.  Rand District  0 

Charles  W.  Goodale District  5 

Edwin  Ludlow District  2 

George  D.  Barron District  0 

F.  W.  Bradley,  Chairman. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretary  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Graduate  mining  engineer,  with  10  years'  experience,  having  an  office 
in  New  York,  would  like  to  represent  a  mining  company  as  selling  and 
purchasing  agent,  and  general  supervision  if  desired.  Machinery  agency 
considered.     No.  259. 

Member,  technical  graduate,  with  several  years'  experience  as  engineer 
for  a  pyrites  company,  and  as  geologist  and  engineer  for  copper,  nickel, 
and  silver  companies,  desires  a  position  as  engineer  or  superintendent  of 
mines.     No.  260. 

Member,  technical  graduate,  aged  29,  with  experience  as  draftsman, 
surveyor,  and  superintendent  of  iron  and  gold  mines,  and  as  construction 
engineer,  is  open  for  a  position  as  mine  superintendent,  or  in  mine  ex- 
amination or  construction.     No.  261. 

Member,  technical  graduate,  aged  32,  single,  with  five  years'  ex- 
perience as  mining  geologist,  open  for  engagement  as  resident  geologist 
or  field  engineer  in  mine  examinations.     No.  262. 

Member,  graduate  of  Columbia  School  of  Mines,  aged  45,  with  ex- 
perience as  mine  surveyor,  engineer,  and  superintendent,  and  as  designing, 
manufacturing  and  constructing  engineer;  familiar  with  mining  methods, 
with  handling  of  men,  with  machinery,  with  designing,  with  erection  and 
construction  work.  Available  for  long  or  short  engagements  in  United 
States  or  Canada.     Now  in  the  West.     No.  263. 

Member,  graduate  engineer,  aged  44,  with  over  22  years'  experience 
in  connection  with  the  development  of  large  coal  and  coke  properties  in 
different  parts  of  the  country,  desires  position  as  general  manager  or 
general  superintendent  of  large  bituminous  coal  producing,  or  will  take 
an  interest  and  the  management  of  a  smaller  operation.     No.  258. 
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SOUTHERN  CALIFORNIA  LOCAL  SECTION 

Executive  Committee 

Seelet  W.  Mudd,  Chairmxm 

C.  CoLcocK  Jones,  Vice-Chairrnxm 

Frederick  J.  H.  Merrill,  Secretary-Treasurer,  631  Higgins  Bldg., 

Los  Angeles,  Cal. 
Ralph  Arnold  A.  B.  Carpenter 

The  Southern  California  Section  held  a  dinner  and  meeting  at  the 
Sierra  Madre  Club,  Los  Angeles,  on  Friday  evening,  Sept.  28,  1915,  at 
which  21  members  and  guests  were  present.  The  Vice-Chairman,  C. 
Col  cock  Jones,  presided,  in  the  absence  of  the  Chairman. 

The  amendment  to  the  By-Laws  providing  for  the  increase  of  the 
Executive  Committee  from  five  to  seven  members,  having  been  formally 
presented  at  the  annual  meeting  of  June  18,  1915,  and  duly  announced 
for  consideration  at  this  meeting,  was  voted  on  and  unanimously  adopted. 

Prof.  Robert  H.  Richards  of  the  Massachusetts  Institute  of  Technology, 
made  a  short  address  on  the  subject  of  ore  concentration. 

The  paper  on  the  Geology  and  Ore  Deposits  of  Mojave  County, 
Arizona,  prepared  by  F.  C.  Shrader,  was  presented  to  the  meeting  by  the 
Secretary,  and  was  discussed  by  Allen  Burris  and  Dr.  L.  D.  Godshall. 

F.  J.  H.  Merrill,  Secretary. 


UTAH  LOCAL  SECTION 

Executive  Committee 

C.  W.  Whitley,  Chairman 

Walter  Fitch,  Vice-Chairman 

Ernest  Gayford,  Secretary,  159  Pierpont  Ave.,  Salt  Lake  City 


The  annual  meeting  of  the  Utah  Local  Section  of  the  Institute  was 
held  at  Salt  Lake  City  on  Oct.  4,  1915.  At  this  meeting  papers  were 
read  by  T.  S.  Carnahan  and  J.  M.  Callow. 

Officers  were  elected  for  the  ensuing  year,  as  follows: 

Chairman,  C.  W.  Whitley. 
Vice-Chairman.  Walter  Fitch. 
Secretary-Treasurer,  Ernest  Gayford. 

The  membership  of  the  Utah  Local  Section  is  now  108. 

Ernest  Gayford,  Secretary, 
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LIBRARY 

American  Institute  op  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  op  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  hoUdays,  from  September  1  to  June  30, 
and  from  9  a.m.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  55,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Library 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects;  to  determine  the  existence  of  mining  maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,*  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 

Partial  List  Classified  by  Subjects 

Mining  and  Metallurgy 

A  B  C  OP  Iron  and  Steel.    By  A.  O.  Backert.    Cleveland,  1915. 

Buying  and  Selling  of  Ores  and  Metallurgical  Products.     (Technical  Paper 

83,  U.  S.  Bureau  of  Mines.)     Washington,  1915. 
Case  Hardening  of  Steel.     By  Harry  Brearley.    London,  1914. 
CuYUNA  Ores  op  Minnesota,  Preliminary  Concentration  Tests  on.     (Bull. 

3,  Minnesota  School  of  Mines  Experiment  Station.)     Minneapolis,  1915. 
ExPLosiBiLiTY  OF  CoAL  DusT.     (Bull.  20,  U.  S.  Bureau  of  Mines.)     Washington, 

1911. 
Notes  on  Miners'  Carbide  Lamps.     (Miners'  Circular  18,  U.  S.  Bureau  of  Mines.) 

Washington,  1915. 
Rules  and  Kegulations  for  Metal  Mines.     (Bull.  75,  U.  S.  Bureau  of  Mines.) 

Washington,  1915. 
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Rules  fob  Handling,  Storing,  Delivebing  and  Shipping  Explosives.  (Pamph- 
let No.  5,  Institute  of  Makers  of  Explosives.)  1914.  (Gift  of  Institute  of  Makers 
of  Explosives.) 

Theoby  and  Pbactice  op  Obb  Dbessing.  -  By  E.  S.  Wiard.     New  York,  1915. 

United  States  Mining  Statutes  Annotated.  (Bull.  94,  pt.  1-11,  U.  S.  Bureau  of 
Mines.)     Washington,  1915. 

Geology  and  Mineral  Resources 

Alaska.     Geology  and   Mtnebal   Resoukces   op  Kenai   Peninsula,   Alaska, 

(Bull.  587,  U.  S.  Geological  Survey.)     Washington,  1915. 
AusTBALiA.     (jIeological  Subvey  OP   Cabgo   Gold-pield,  New  South  Wales. 

(Mineral  Resources,  No.  19.)     Sydney,  1915. 
Canada.     Geology  op  the  Victobia  and  Saanich  Map  Abeas,  Vancouveb  Island, 

B.  C.     (Memoir  36,  Canada  Mines  Department.)     Ottawa,  1913. 
Canada.     Salt  Deposits  op  Canada  and  the  Salt  Industby.     Ottawa,  1915. 
Canada.     Geological  Reconnaissance  between  Golden  and  Kamloops,  B.  C, 

along  the  Canadian  Pacipic  Railway.     (Memoir  68,  Canada  Mines  Depart- 
ment.)    Ottawa,  1915. 
Mexico.     Economic  Geology  op  the  Cananea  Mountains,  the  Cananea  Con- 
solidated CopPEB  Co.,  S.  a.,  1908,  Repobt.     By  S.  F.  Emmons.     (Gift  of  L.  D. 

Ricketts.) 
Tasmania.     Zinc-Lead  Sulphide  Deposits  of  the  Read  Rosebeby  District, 

WITH    Maps.     (Bull.    19,    Tasmania    Greological    Survey.)     Tasmania,    1915. 

(Gift  of  Geological  Survey  of  Tasmania.) 
United  States.     Guide  Book  of  the  Westebn  United  States.     Part  C,  The 

Sante  Fe  Route.     (Bull.  613,  U.  S.  Geological  Survey.)     Part  D,  The  Shasta 

Route  and  Coast  Line.     (Bull.  614,  U.  S.  Geological  Survey.)     Washington, 

1915. 
Monazite,  Thobium,  and  Mesothobium.     (Technical  Paper  110,  U.  S.  Bureau  of 

Mines.)  •  Washington,  1915. 
CoLOBADO.    Geologic  Map  of  Colobado,  1913.    Topogbaphic  Map  op  Colobado, 

1913.     (Gift  of  Colorado  Geological  Survey.) 
Colorado.     Bibliogbaphy  op  Colobado  Geology  and  Mining  pbom  the  Earliest 

Explorations  to  1912.     (Bull.  7,  Colorado  Geological  Survey.)     Denver,  1914. 
Colorado.     Common  Minebals  and  Rocks,  Theib  Occubbence  and  Uses.     (Bull. 

6,  Colorado  Geological  Survey.)     Denvey,  1913.     (Gift  of  Survey.) 
Colobado.     Clays  of  Eastern  Colobado.     (Bull.  8,  Colorado  Geological  Survey.) 

Denver,  1915.     (Gift  of  Survey.) 
Nevada.     Geology  and  Minebal  Deposits  op  the  National  Mining  Distbict, 

Nevada.     (Bull.  601,  U.  S.  Geological  Survey.)     Washington^  1915. 
Texas.     Minebal  Resoubces  of  Texas.     (Bulletin  of  the  University  of  Texas, 

Scientific  Series,  No.  29.)     Austin,  1914. 
The  Minebal  Industby,  Its  Statistics,  Technology,  and  Tbade  dubing  1914. 

Volume  XXIII.     Edited  by  G.  A.  Roush.     McGraw-Hill  Book  Co.,  New  York, 

1915.     Price  $10.     (Gift  of  Publishers.) 

[Note. — As  stated  by  its  editor,  the  object  of  Mineral  Industry  is  to  bring  together 
as  complete  a  record  as  possible  of  the  year's  progress  in  the  mining  and  metallurgical 
industries.  Production  statistics  are  included^  but  are  used  primarily  as  an  indication 
of  progress.  The  make-up  of  the  volume  is  similar  to  that  of  preceding  volumes,  the 
various  minerals  being  taken  up  in  alphabetical  order  by  specialists  in  the  respective 
subjects.  In  addition  to  the  regular  features,  articles  are  included  on  The  Flotation 
Concentration  of  Ores,  showing  the  present  status  of  this  method  of  ore  dressing  so 
far  as  it  could  be  learned  from  the  various  companies  concerned;  The  Smoke  Problem 
in  the  Mineral  Industries,  being  a  summary  of  the  literature  on  the  subjects  of  the 
treatment  of  smoke,  fume,  and  dust  arising  from  industrial  plants.  The  different 
methods  developed  to  solve  the  problem  are  briefly  described.  This  volume  supple- 
ments the  preceding  22  volumes,  bringing  up  to  date  the  statistics  of  production  and 
showing  the  developments  commercially  and  technically  in  the  miiung  and  metal- 
lurgical industries  during  1914. — B.  A.  R.] 

General 

Composition  of  the  Natubal  Gas  Used  in  Twenty-pivb  Cities.  (Technical 
Paper  109,  U.  S.  Bureau  of  Mines.)     Washington,  1915. 
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Human  Epficienct.     A  psychological  study  of  modem  problems.     By  H.   W. 

Dresser.     New  York-London,  1912. 
Dtestupfs  and  Coal  Tar  Products;  Their  Chemistry,   Manufacture  and 

Application.     By  Thomas  Beacall  and  others.    London,  1915. 
Purchasing.     By  C.  S.  Rindsfoos.     New  York,  1915. 
Road  Construction  and  Maintenance.     Wilmington,  1915.     (Gift  of  E.  I.  du 

Pont  de  Nemours  Powder  Co.) 
Mining  World  Index  of  Current  Literature.     Volume  XII,  January- June,  1915. 

By  George  E.  Sisley.     Mining  World   Co.,  Chicago,   1915.     Price  $2.     (Gift 

of  Publishers.) 
[Note. — This  volume,  as  previous  volumes,  contains  a  classified  list  of  the  articles 
on  mining,  engineering,  metallurgy,  mining  geology,  mineralogy,  etc.,  which  have  been 
publishea  during  the  first  half  of  1915.  Following  each  important  article  is  a  brief 
statement  giving  a  general  idea  of  its  contents.  A  system  of  cross-indexing  is  used 
to  enable  the  ready  finding  of  what  is  wanted  on  any  mining  or  affiliated  subject. — 
B.  A.  R.] 

Company  Reports 

Broken  Hill  Proprietary  Co.,  Ltd.  Reports  and  Statements  of  Account  for 
Half  Year  Ending  May  31,  1915.     Australia,  1915.     (Gift  of  W.  E.  Wainwright.) 

Broken  Hill  South  Silver  Mining  Co.  Reports,  Statements  of  Accounts,  etc., 
for  Half  Year  Ended  June  30,  1915.  Melbourne,  1915.  (Gift  of  W.  E.  Wain- 
wright.) 

Trade  Catalogues 

Bessemer  Gas  Engine  Co.,  Grove  City,  Pa.     The  Bessemer  Monthly.     September, 

1915. 
Braun  Corporation,  Los  ^geles,  Cal. 

Braun  Iron  Ore  Grinder,  No.  7. 

Braun  Laboratory''  Appliances. 
Continuous  Wire  Wound  Pipe  Co.,  San  Francisco,  Cal.     Continuous  wire-wound 

wood-stave  pipe.     1915. 
De  La  Vergne  Machine  Co.,  New  York,  N.  Y.     Bull.  142.     De  La  Vergne  oil 

engine,  type  "D  H." 
Denver  Quartz  Mill  &  Crusher  Co.,  Denver,  Colo.     Catalogue  No.  12.     Denver 

Quartz  Mill. 
Goheen  Mfg.  Co.,  Canton,  O.     Engineers*  handbook  on  protective  coatings. 
Harrison  Safety   Boiler   Works,    Philadelphia,    Pa.     Description   of   Cochrane 

metering  heater. 
Leschen,  a.  &  Sons  Rope  Co.,  St.  Louis,  Mo.    Leachen's  Hercules.     September, 

1915. 
Sullivan  Machinery  Co.,  Chicago,  111.     Bull.  72.     Sullivan  drill  sharpener.   August, 

1915. 
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MEMBERSHIP 

New  Members 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Sept.  10  to  Oct.  10,  1915: 

Members 

Benedict,  C.  Harry,  Met Calumet  &  Hecla  Mining  Co.,  Calumet,  Mich. 

Betterton,  Jesse  Oatman,  Met.;  Supt.  Blast  Furnaces  and  Sulphate  Depts., 

St.  Louis  Smelt.  &  Ref.  Co.,  CoUinsville,  111. 

Clark,   H.  A.,  Supt Calumet  &  Arizona  Mining  Co.,  Douglas,  Ariz. 

Cooper,  Claude  H.,  Asst.  Supt Calumet  &  Hecla  Smelt.  Works,  Hubbell,  Mich. 

Crampton,  Frank  A.,  Min.  Engr.;  Mine  Supt.,  Platinum  Gold  Min.  Co., 

Coodsprings,  Nev. 
Cunningham,  George  Hamilton,  Asst.  Supt.  of  Construction, 

Anaconda  Copper  Mining  Co^  Anaconda,  Mont. 

Ettlinoer,  Isador  Aaron,  Min.  Engr Magma  Copper  Co.,  Superior,  Aiiz. 

Fellencer,  Charles  Allen,  Min.  Engr 113  So.  Maaison  St.,  Allentown,  Pb. 

Hackpord,  John  Edward,  Chemist Aguila  Co.,  Tampico,  Mexico. 

Harris,  George  Henrt  Ronald^  Min.  Engr.,  481  Ridout  St.,  London,  Ont.,  Canada. 
Hood,  Ben  Benight,  Supt.  of  Boiler  Room,  U.  S.  Metals  Refining  Co.,  Chrome,  N.  J. 
HowLAND,  Henry  Phelps,  Supt.  of  Blast  Furnaces,  Wisconsin  Steel  Co.,  ChicagO)  HI. 
Hott,  Samuel  Leslie,  Metallographer,  Asst.  Prof,  of  Metallography. 

University  of  Minnesota,  Minneapolis,  Minn. 
Huang,  Chin  Tao,  Asst.  Chief  Met.  Engr.,  Hanyang  Iron  &  Steel  Works, 

Hanyang,  China. 

Igawa,   Takeo,   Min.   Engr Ray  Consolidated  Copper  Co.,  Ray,  Arii. 

Jahn,  William  F.,  Min.  and  Met.  Engr.,  Mill  Supt.,  New  York  &  Honduras 

Rosario  Min.  Co.,  San  Juancito,  Honduras. 
Jay,  Clyde  Homer,  Vice-Prest.  and  Mine  Mgr.,  Giant-Echpse  Con.  Mines  Co., 

Salida,  Colo. 
KoPE,  Godfrey  Samuel,  Min.  Engr.;  Surveyor,  May  Cons.  G.  M.  Co., 

Germiston,  Johannesburg,  Transvaal. 
Olmstead,  John  Stanley,  Min.  Engr.;  Asst.  Engr.,  Experimental  Leaching, 

New  Cornelia  Copper  Co.,  Ajo,  Arii. 

Orem,  Archie  J Genl.  Supt.,  Nevada  Douglas  Copper  Co.,  Ludwig,  Nev. 

Perry,  Howard  E.,  Mining  Operator;  Pres.  &  Mgr.,  Chisos  Mining  Co.^ 

Terlmgua,  Tex. 
Potter,  James  Albert.  . .  .Construction  Engr^  New  Cornelia  Copper  Co.,  Ajo,  Arii. 
Randall,  John,  Met.;  Mill  Supt.,  National  Mining  &  Development  Co., 

Placerville,  Idaho. 

Rockefeller,  George  Egbert,  Supt Fairfax  Mine,  Inc.,  Fairfax,  Wash. 

Sands,  William  Elmer,  Assayer Ophir,    Colo. 

ScHETTLER,  Bruno Genl.  Mgr.  of  Mine,  Benton  Coal  Co.,  Benton,^  HI- 

ScHNEPP,  Charles  F.,  Min.  Engr Ridgefield  Park,  N.  J- 

Shepard,  Frank  E.,  Mech.  Engr. . . .  Ore  Dressing,  924  Washington  St.,  Denver.  Colo. 

TissoT,  Armand,  General  Representative IngersoU-Rand  Co.,  Paris,  France. 

Troutman,  Greyson  pREVpsT,  Asst.  Genl.  Mgr G.  B.  Markle  Co.,  Jeddo,  Pa. 

Wilson,  Elihu  Clement,  Prest. . .  .Wilson  &  Willard  Mfe.  Co.,  Los  Angeles,  Cal. 
Wilson,  Herbert  Michael,  Director,  Dept.  of  Inspection  «  Safety, 

The  Associated  Companies,  First  National  Bank  Bldg.,  Pittsburgh,  Pa- 
Wolf,  William  James,  Resident  Mgr.,  Four  States  Coal  &  Coke  Co., 

Worthington,  W.  Va. 

Wright,    Harry   F.    Geol.. ....Gypsy   OU   Co.,    Tulsa,  Okla. 

Wysor,  Rufus  Johnston,  Chief  Chem.  and  Engr.  of  Tests,  Bethlehem  Steel  Co., 

So.  Bethlehem,  Pa 

Associate  Members 

Grace,   William  Russell 11   Broadway,   New   York,  N.  )'• 

Rab,  Robert,  Genl.  Auditor Phelps,  Dodge  &  Co.,  Inc.,  Douglas,  Arii 

Stranby,  John  W.,  Civil  Engr Braden  Copper  Co.,  Kancagua,  Chile- 

Watson,  Charles  Rba,  Mine  Mgr.,  Cusi  Mining  Co.,  Cusihuiriachic,  Chih.,  Max- 
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Junior  Members 

Applegate,  John    Sam.,  Student 1523  Millicent    Ave.,  Youngstown,  O. 

BuRBOuoHS,  Ambrose  Hammet,  Jr.,  Mine  Engr.,  Britannia  Min.  &  Smelt.  Co^ 

Britannia  Beach,  B.  C.  Canada. 

Carstens,  Carl  Eberhard,  Student 120  Mt.  Auburn  St.,  Camb ridge,  Mass. 

Head,  James  Lawrence^' Student Missouri  School  of  Mines,   Rolla,   Mo. 

Johnson,  Guy  Roche,  Jr^  Student. ..  .510  Delaware  Ave.,  So.  Bethlehem,  Pa. 

Meinzer,  Gotthold  H.,  Student. 120  Mt.  Auburn  St.,  Cambridge,   Mass. 

WoLCOTT,  Herbert  Betts,  Mine  Owner  and  Operator,  928  S.  Clinton  St., 

Carthage,  Mo. 

Yen,  Chxjang,    Student 429    Atwood    St.,    Pittsbuiigh,    Pa. 

Zachartas,  George  W.,  Student Delta  Upsilon  House,  Stanford  Univ.,  Cal. 

.Candidates  for  Membership 

Application  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  be  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glancing 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Membership, 
or  the  Secretary  of  the  Institute^  of  any  persons  whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 

The  following  persons  have  been  proposed  during  the  period  Sept.  10 
to  Oct.  10,  1915,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  Members  and  Associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidates.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

Ivan  Hanr  BarkdoU,  Globe,  Ariz. 

Proposed  by  P.  G.  Beckett,  L.  O.  Howard,  B.  Britton  Gottsberger. 
Bom  1876.  Gallatin,  Mo.     1901-02,  Winston.     1905,  C.  P.  Wingfield,  Etta  Mine. 
1906,  C.  P.  Wmgfield,  Lone  Star  Mine.     1907-13,  Copper  Queen  Cons.  Min.  Co. 
Present  position:  1913  to  date,  Old  Dominion  Copper  Min.  &  Smelt.  Co. 

Edgar  Earl  Barker,  Chuquicamata,  Chile. 

Proposed  by  D.  L.  H.  Forbes,  Frederick  Hellman,  James  S.  Wroth. 

Bom  1884,  Grass  Valley,  Cal.  1906.  Univ.  of  Califomia;  B.  S.  1906,  Assayer, 
Progreso  Mines  Co.,  Triunfo,  Baja  (Jalifomia,  Mexico.  1907-09,  Min.  Engr., 
Globe  Cons.  Copper  Co.  and  Live  Oak  Dev.  Co.,  Globe,  Ariz.  1910-12,  Chief  Min. 
Engr.,  Nevada  Cons.  Copper  Co.,  Eljr,  Nev. 

Present  position:  1913  to  date.  Mine  Supt.,  Chile  Exploration  Co. 

George  L.  Clark,  Schumacher,  Ont.,  Canada. 

Proposed  by  C.  H.  Poirier,  Maurice  W.  Summerhayes,  Frank  C.  Loring. 

Bom  1888,  Council  Bluffs,  Iowa.  1905,  Bessemer,  Mich.,  High  School.  1906-07, 
Armour  Institute,  Chicago,  111.  1907-10,  Michigan  College  of  Mines;  E.  M.  1903- 
04  (summer),  Assayer's  helper;  190&-06,  Electrician's  helper,  Colby  mine,  Bessenaer. 
1908-10  (summer),  Practical  underground  work,  C.  &  H.,  Calumet;  Colby  mine, 
Bessemer;  Baltic  von  mine,  Iron  River.  1910-12,  From  time-keeper  and  cost  clerk  to 
shift  boss,  Creighton  Mine,  Ont.,  Can.  Copper  Co.  1912-13,  Supt.,  Dill  Quartz 
Quarry,  .Can.^Copper  Co.  1913,  Supt.,  No.  2  Mine,  Can.  Copper  Co.  1914,  Sampler, 
Ennneer's  helper,  and  Asst.  Assayer,  HoUinger  Mine. 

Present  position:  Min.  Engr.,  Vipond  Mine. 
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Richard  A.  Conkling,  Tulsa,  Okla. 

Proposed  by  Arthur  Thacher,  C.  L.  Severy,  H.  A.  Wheeler. 

Born  1885,  Bowie,  Tex.  1911,  Univ.  of  Oklahoma;  A.  B.  1911-14,  Grad.  work  in 
Geology,  Univ.  of  Chicago.  1910  (summer),  Aid  on  U.  S.  G.  S.,  N.  M.  1911  (sum- 
mer). Aid  on  U.  S.  G.  S.,  Alaska.  1912-13,  Geological  work  in  Venezuela,  Bermudez 
Co.,  and  Caribbean  Petroleum  Co.     1914,  Royal  Dutch  Oil  Co.,  The  Hague,  Holland. 

Present  position:  Head  GeoL,  Roxana  Petroleum  Co. 

WilliamBronson  Cramer,  Globe.  Ariz. 

Proposed  by  P.  G.  Beckett,  L.  0.  Howard,  Guy  N.  Bjorge. 

Born  1880,  Ansonia,  Conn.  1899-1902,  Sheffield  Scientific  School,  Yale  Univ.; 
Ph.  B.  1902-05,  Graduate  Student  and  assistant  in  instruction  at  Sheffield  Scientific 
School,  Yale  Univ.  1905-07,  Asst.  Chem.,  reduction  works.  Copper  Queen  Cons. 
Min.  Co.,  Douglas,  Ariz.  1907-08,  Chem.,  reduction  works.  Shannon  Copper  Co., 
Clifton,  Ariz. 

Present  position :  1909  to  date,  Met.  at  concentrator,  Old  Dominion  Copper  Min. 
&  Smelt.  Co. 

Hubert  IngersoU  Ellis,  Kellogg^  Idaho. 

Proposed  by  Milnor  Roberts,  Joseph  Daniels,  Henry  Landes. 

Born  1889,  Menlo,  Wash.  1897-1905,  Menlo  grade  and  high  schools.  1905-10; 
1914-15,  Univ.  of  Washington,  College  of  Mines;  B.  S.;  1909-10,  Student,  Asst.  in 
Met.  1910,  Placer  prospecting,  Fairbanks  district,  Alaska.  1911,  Lessee,  Newsboy 
Ext.  quartz  claim,  Fairbanks.  1912,  Miner  and  millman,  Rhoads-Hall  mine.  1913, 
Point-man,  Keys  &  Rettig.     1914,  Lessee,  Zero  claim. 

Present  position;  Underground  and  in  experimental  plant.  Bunker  Hill  &  Sulhvan 
Min.  &  Cons.  Co. 

Henry  Groos,  Harlan,  Ky. 

Proposed  by  Will  Ward  Duffield,  H.  M.  Waite,  Thomas  H.  Clagett. 

Bom  1872,  Siegen,  Germany.  1883-92,  Real-Gymnasium,  Siegen  (Degree  for  Ma- 
triculation). 1892-93,  Royal  Min.  Academy  &  Geol.  Institute,  Berlin,  Germany. 
1893-95,  Royal  Min.  Academy,  Clausthal,  Germany.  1895-1905,  Engaged  in  Engrg., 
mine  development  work  with  various  coal  and  iron  ore  companies  of  Germany  and 
Luxemburg.  1905-10,  In  charge  of  triangulations  with  Clmch  Coal  Corporation, 
Dante,  Pa.     1911-13,  Chief  Engr.,  La  Follette  Coal,  Iron  &  Ry.  Co.,  La  Follette,  Tenn. 

Present  position:  1913  to  date,  Min.  and  Cons.  Engr.,  Harlan,  Ky. 

Charles  A.  Hansen,  Schenectady,  N.  Y. 

Proposed  by  A.  G.  MacGregor,  Henry  A.  Tobelmann,  David  B.  Rushmore. 
Bom  1882,  Racine,  Wis.     1905,  Univ.  of  Wisconsin;  B.  S.     1905-08,  Research 
Asst.,  General  Electric  Co.,  Schenectady,  N.  Y.     1914,  Development  of  wet  extraction 
Present  position:  Met.,  General  Electric  Co. 

Henry  Hanson,  San  Francisco,  Cal. 

Proposed  by  G.  M.  Colvocoresses,  Thomas  T.  Read,  Edmund  Jussen. 

Bom  1874,  Blair,  Neb.  1894,  High  School,  Deadwood,  S.  D.  1895-98,  Academy, 
Northwestern  Univ.,  Evanston,  111.  1898-1902,  College  of  Liberal  Arts,  Northwest- 
em  Univ.;  Ph.  B.  1892-95,  Solution  man  and  night  foreman,  Portland  Cons. 
Chlorination  Plant,  Deadwood,  S.  D.  1895-1902,  Worked  in  various  capacities 
during  summer  vacation,  Homestake  Min.  Co.,  Lead,  S.  D.  1902-03,  Homestake 
Mills,  assay  office,  refinery,  worked  in  various  capacities  for  experience.  1903-07, 
Foreman^  Homestake  Cyanide  Plant,  Lead,  S.  D.  1907-08,  Field  Engr.,  C.  W. 
Merrill;  mstalled  cyanide  equipment,  P.  S.  G.  M.  Co.,  Blair,  Nev.  1908-10.  Mill 
Supt..  Pittsburgh  Silver  Peak  G.  M.  Co.,  Blair,  Nev.  1910-12,  Field  Engr.,  MerrUl 
Metallurgical  Co.,  in  charge  of  erection  of  Dome  mill  with  title  Supt.  of  Construc- 
tion. 1912-13,  Mill  Supt.,  Dome  mill.  So.  Porcupine,  Ont.,  Canada.  1913-14) 
Engineering  Staff,  Merrill  Metallurgical  Co.,  San  Francisco,  Cal. 

Present  position:  Mill  Supt.,  Engels  Copper  Co. 

Thomas  Woodburn  Kkrdjf  Jr.,  Ottawa,  Ont.,  Canada. 

Proposed  by  Stanley  N.  Graham,  Albert  Sauveur,  H.  M.  Boylston. 

Born  1886,  Dublin,  Ireland.  General  education  in  public  and  private  schools, 
Nova  Scotia.  1904-08,  Matriculated  into  Dalhousie  Univ.,  Halifax,  N.  S.  1910, 
Grad.,  Nova  Scotia  Technical  College;  B.  S.  in  Min.  Engrg.  1910-11.  Draftsman, 
Nova  Scotia  Steel  &  Coal  Co.,  Sydney  Mines,  N.  S.  1911,  Chemist  ana  Draftsman, 
Canada  Iron  Corpn.,  Bathurst,  N.  B.  1911-14,  Chemist  and  Metallographist,  Nova 
Scotia  Steel  &  Coal  Co.,  New  Glasgow,  N.  S. 

Present  position:  1914  to  date  Asst.  Engrg.  Chemist,  Division  of  Fuels  and  Fuel 
Testing,  Dept.  of  Mines,  Canada. 
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Walter  Harris,  Globe,  Ariz. 

Proposed  by  P.  G.  Beckett,  L.  O.  Howard,  Guy  N.  Bjorge. 

Bom  1872,  London,  England.  To  1890.  Private  tuition.  1890-92,  King's 
College,  Cambridge.  1893-94,  Camborne  School  of  Mines^  Cornwall,  England. 
1895^96,  Student  of  practical  mining  and  metallurgy,  Ophir  mme,  Grass  Valley,  Cal. 
1903-04,  Camborne  School  of  Mines,  special  course  in  Geology,  Mineralogy  and  Mine 
Surveying.  1897-98,  Chemistry  and  Assaying,  Davey  laboratory,  Rearuth,  Corn- 
wall, England.  1898-1902,  Wondalli  (Deccan)  Gold  Min.  Co.,  Ltd.,  India.  1905-06, 
Reduction  Works,  Abosso  Gold  Mines,  Gold  Coast,  W.  Africa.  1907-08,  Arizona 
Commercial  Min.  Co.,  Globe,  Ariz. 

Present  position:  Chem.,  Old  Dominion  Min.  &  Smelt.  Co. 

Ray  £.  Hoffman,  Hannibal,  Mo. 

Proposed  by  Fred  Thomas  Agthe,  C.  R.  Forbes,  H.  A.  Buehler. 

Bom  1881,  Knoxville,  Iowa.  1905,  B.  S.;  1908,  E.  M.,  Missouri  School  of  Mines. 
1905-06,  Shannon  Copper  Co.,  Cliftoi^  Ariz. 

Present  position:  1906  to  date,  Plant  Mgr.,  Asst.  Genl.  Supt.,  Atlas  Portland 
Cement  Co. 

Lemuel  Ray  Jenkins,  Mammoth,  Shasta  Co.,  Cal. 

Proposed  by  G.  W.  Metcalfe,  A.  P.  Anderson,  J.  H.  Kervin. 

Bom  1882,  Revere,  Mass.  1901-03,  Phillips  Exeter  Academy.  1903-07,  Har- 
vard Univ.;  B.  S.  1907,  Miner,  Mammoth  Copper  Min,  Co.,  Mammoth,  Cal. 
190&-12,  Engre.  Dept.,  same  coinpany.  1912-14,  Supt.,  York  Harbor  Mine,  New- 
foundland, for  U.  S.  Exploration  Co. 

Present  position:  1914  to  date,  Asst.  Supt.,  Mammoth  Copper  Min.  Co. 

John  M.  Lovejoy,  Peking,  China. 

Proposed  by  J.  F.  Kemp,  William  Campbell,  Charles  P.  Berkey. 

Bom  1889,  New  York,  N.  Y.  1912,  Columbia  University,  New  York;  E.M. 
1912,  General  engineering,  Chile  Exploration  Co.,  Chuouicamata,  Chile.  1912-14, 
Supt.,  silver  mines,  Compania  Mineral  Arrendetarria  ae  Huantajaya,  Huantajaya, 
Chile.  1914,  Examination  work  for  F.  G.  Clarke  in  South  America  and  H.  P.  Lowe 
in  Colorado.  . 

Present  position:  Topographical  and  geological  work  in  connection  with 
petroleum. 

John  Chambers  Low,  Globe,  Ariz. 

Proposed  by  P.  G.  Beckett,  L.  O.  Howard,  B.  Britton  Gottsberger. 

Bom  1886,  Brooklyn,  N.  Y.  1893-1904,  PubUc  schools,  Brooklyn,  N.  Y.  1904-07, 
Dickinson  College.  190.7-08,  Mine  surveying  and  construction,  Lehigh  Coal  & 
Navigation  Co.,  Lansford,  Pa.  1909,  Topographer  and  transitman,  Gila  Valley, 
Globe  &  Northern  R.  R.,  rima,  Ariz.,  and  Miami,  Ariz.  1910,  Prospecting,  assess- 
ment work,  Globe  mining  district;  chum  drill  and  mine  sainpliilg.  Inspiration  Copper 
Co.,  Miami,  Ariz.  1910-13^  Engrg.  Dept.,  Old  Dominion  Copper  Mm.  &  Smelt.  Co.. 
Globe,  Ariz.  1914,  Samphng,  special  work  in  tramming  and  development,  Ola 
Dominion  Copper  Min.  &  Smelt.  Co. 

Present  position    Sampling,  Shift  Boss,  Old  Dominion  Copper  Min.  &  Smelt.  Co. 

Clark  G.  Mitchell,  Victor,  Colo. 

Proposed  by  F.  K.  Brunton^  Louis  D.  Huntoon,  Horace  F.  Lunt,  D.  W.  Brunton, 
John  W.  Finch,  John  T.  Hawkms. 

Bom  1887,  Leadville,  Colo.  1909,  Yale  Univ.;  A.  B.  1911,  Columbia  Univ.; 
E.  M.  1911-12,  Engr.,  Britannia  Min.  &  Smelt.  Co.,  Britannia  Beach,  B.  C, 
Canada. 

Present  position :  1913  to  date,  Mgr.,  Isabella  Mines  Co. 

Harold  Lee  Norton,  Globe,  Ariz. 

Proposed  by  P.  G.  Beckett,  L.  O.  Howard,  G.  N.  Bjorge. 
Bom  1882,  Boston,  Mass.     1903,  Mass.  Inst,  of  Tech.;  S.  B. 
Present  position:  Engr.,  Old  Dominion  Copper  Min.  &  Smelt.  Co. 

Howard  Coon  Parmelee,  Denver,  Colo. 

Proposed  by  Lawrence  Addicks,  Joseph  W.  Richards,  Bradley  Stoughton. 

Bom,  1874,  Omaha,  Neb.  1897,  B.  S.  1899,  A.  M.,  Univ.  of  Nebraska.  1898, 
Asst.  Chem.,  Union  PaciBc  R.  R.  Co.,  Omaha,  Neb.  1900-02,  Chief  Chem.,  Globe 
plant,  A.  S.  &  R.  Co.,  Denver,  Colo.  1903-05,  Cons.  Chem.,  Denver,  Colo.  1905- 
07,  Editor,  Mining  Reporter f  Denver.  1909,  Editor,  Western  Chemist  and  Metallurgist, 
Denver. 

Present  position:  1910  to  date.  Western  Editor,  Metallurgical  and  Chemical 
Engineering, 
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Louis  Ravicz,  Minneapolis,  Minn. 

Proposed  by  Charles  r.  Berkey,  Peter  Christianson,  W.  H.  Emmons. 

Bom  1891,  Minneapolis,  Minn.  1910-14,  Minnesota  School  of  Mines;  E.  M. 
1914-1916,  Dept.  of  Geology,  Univ.  of  Minnesota;  A.  M.  1911  (summer),  Assayer 
and  Chemist,  Banner  M.  &  M.  Co.,  Silver  City,  Ida.  1912  (summer),  Timberman, 
Republic  Iron  &  Steel  Co.,  Gilbert,  Minn.  1913  (summer}.  Miner,  Miami  Copper  Co., 
Miami,  Ariz.  1914  (summer),  Greologic  work  in  British  Columbia  and  Alberta, 
Ralph  Arnold  and  W.  R.  Calvert.  1915  (summer).  Geologic  work  in  Guyana  iron 
district,  Minn.;  E.  C.  Harder  and  A.  W.  Johnston. 

Present  position:  Graduate  work,  Columbia  Univ. 

William  A.  Simkins,  Reno,  Nev. 

Proposed  by  William  Hague,  J.  B.  Stapler,  W.  L.  Fraser. 

Bom  1883,  Coldwater,  Mich.  1903-05,  Univ.  of  Mich.  (Energ.).  1905,  Miner 
in  Butte  district.  1905-07,  Surveying,  Keystone-Nevada  Gold  Min.  Co.,  Oling- 
house,  Nev.  1907-09,  Engrg.,  surveyine,  Hafif  &  Colwell  Bros.,  Ely,  Nev.  190^10, 
Engr.,  Nevada  New  Mines  Co.,  Rawhide,  Nev.  1910-11,  General  engineering, 
Nevada  and  California. 

Present  position:  1911  to  date,  Lloyd  &  Sinkins. 

Tom  Simpson,  Johannesburg,  Transvaal,  So.  Africa. 

Proposed  by  A.  J.  Brett,  R.  C.  Warriner,  Palmer  Carter. 

Bom  1876,  London,  England.  1894-98,  Associateship  of  the  Royal  School  of 
Mines,  London,  England,  in  Mining.  1898-99,  Assayer  and  sampler.  Gold  Coast, 
W.  Africa.  189^1900,  Asst.  Mgr.,  lead  mines,  N.  Wales.  1903-04,  Sampler,  Robin- 
son G.  M.  Co.,  Johannesburg.  1904r-05,  Shift  boss.  French  Rand  G.  M.  Co., 
Johannesburg.  1906-07,  Shift  boss,  Ferreira  G.  M.  Co.,  Johannesburg.  1907-09, 
Mine  Captain,  E.  R.  P.  M.,  Johannesburg.  1909,  Mine  Captain,  Robinson  Central 
Deep  G.  M.  Co.,  Johannesburg.  190^12,  Underground  Mgr.,  Crown  Mines, 
Johannesburg. 

Present  position:  1912  to  date.  Joint  Mgr.,  Crown  Mines. 

Walter  Crispell  Smith,  Chrome,  N.  J. 

Proposed  by  Sidney  RoUe,  Francis  R.  Pyne,  R.  W.  Deacon. 

Bom  1884,  Kingston,  N.  Y.  1901-03,  Brooklyn  Polytechnic  Institute.  1903- 
06,  Lehigh  Univ.;  A.  C.  1906-08.  Asst.  Research  Chemist,  Chrome  Plant.  1908-09, 
Foreman;     1909-14,  Met.,  United  States  Metals  Refining  Co.,  Grasselli,  Lid.,  plant. 

Present  position:  1914  to  date,  Supt.,  United  States  Metals  Refining  Co. 

Philip  D.  Wilson,  Warren,  Ariz. 

Proposed  by  Ira  B.  Joralemon,  Arthur  Notman,  Gerald  Sherman. 

Bom  1888,  Chicago,  111.  1905-09,  Princeton  Univ.- B.  S.  1909-11,  Columbia 
School  of  Mines;  E.  M.  1910,  Mining,  Bingham  New  Haven  Copper  &  Gold  Min- 
Co.,  Bingham,  Utah.  1911,  Chemist,  Copper  Queen  Reduction  Woirks,  Douglas., 
Ariz.  1912,  Engr.^  Transvaal  Copper  Min.  Co.;  Cumpas,  Son.,  Mexico.  1913, 
Geol.,  Shattuck  Arizona  Copper  Co.,  Bisbee,  Ariz. 

Present  position:  1914  to  aate,  Geol.,  Calumet  &  Arizona  Min.  Co. 

Associate  Members 

Algernon  Sidney  Uhler,  Johannesburg,  So.  Africa. 

Proposed  by  W.  L.  Saunders,  George  A.  Howells,  George  T.  Cousins. 

Bom  1874,  Philadelphia,  Pa.  Various  preparatory  schools,  Philadelphia,  Pa. 
1890,  Georgetown  College,  Washington,  D.  C.  1896,  Univ.  of  Pennsylvania,  Mech. 
Engrg. 

Present  position :   1897  to  date,  Mgr.,  Ingersoll-Rand  Co. 

Howard  Thornton  Walsh,  Chicago,  111. 

Proposed  by  J.  A.  Caselton,  E.  J.  Rossbach,  F.  K.  Copeland. 

Bom  1878,  Newburgh,  N.  Y.  1886-94,  Public  schools.  New  York  and  Massa- 
chusetts. 1894-96,  Private  school.  1896-1900,  Worcester  Poljrtechnic  Institute, 
Worcester,  Mass.;  B.  S.  Eleven  years  in  West,  two  years  in  Europe,  two  years  in 
Chicago. 

Present  positicn:  1900  to  date,  Sales  Mgr.,  Sullivan  Mach.  Co. 
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Junior  Members 

Guy  C.  Faust,  State  College,  Pa. 

Proposed  by  W.  R.  Crane,  W.  M.  Weigel,  C.  E.  McQuigg. 

Bom  1889,  Pottsville.  Pa.  1908,  Grad.,  Pottsville  High  School.  1910,  Grad., 
Franklin  and  Marshall  Academy,  Lancaster,  Pa.  1908-09,  1910-12,  Engrg.  Corps, 
Philadelphia  &  Reading  Coal  &  Iron  Co.  1914-16,  P.  W.  Sheafer  Estate,  Pottsville, 
Pa. 

Present  position :  Student,  School  of  Mines,  Pennsylvania  State  College. 

Clarence  Korer  Hall,  State  College,  Pa. 
Proposed  by  C.  E.  McQuigg,  W.  R.  Crane,  E.  S.  Moore. 
Bom  1893,  Harrisburg,  Pa.     1912,  Harrisburg  High  School. 
Present  position:  Student,  Pennsylvania  State  College. 

John  Campbell  Herr,  State  College,  Pa. 

Proposed  by  C.  E.  McQuigg,  W.  R.  Crane,  E.  S.  Moore. 

Bom  1893,  Butler,  Pa.  1911,  Butler  High  School,  Butler,  Pa.  1911  (summer), 
Gauger  in  rolling  mill,  Forged  Steel  Wheel  Co.,  Butler,  Pa.  1915  (summer),  Spring 
fitter  or  maker.  Standard  Steel  Car  Co.,  Butler,  Pa. 

Present  ]>osition :  Student,  Pennsylvania  State  College. 

Reginald  Phillipps  Oliveros,  Savannah,  Ga. 

Proposed  by  William  R.  Chedsey,  Harry  J.  Wolf,  W.  G.  Haldane. 

Bom  1891,  Savannah,  Ga.  1905-07,  Savannah  High  School.  1907-08,  Georgia 
Tech.  1908-10,  Preparation  for  Navy.  1910-11,  Alabama  Polytechnic  Institute. 
1911-15,  Coloraao  Scnool  of  Mines.  1914,  Asst.  Chem.,  American  Agriculture  Chem- 
ical Co.,  Savannah,  Ga. 

Present  i)osition:  June,  1915,  to  date,  Acting  Asst.  Engr.,  Liberty  Bell  Gold 
Mining  Co.,  Telluride,  Colo. 

Herbert  Henry  Shaver,  State  College,  Pa. 

Proposed  by  W.  R.  Crane,  W.  M.  Weigel,  C.  E.  McQuigg. 

Bom  1894,  Wilkes-Barre,  Pa.  1912,  Winfield  Min.  Co-TWebb  City,  Mo.  1914, 
Lehigh  Valley  Coal  Co.,  Hazelton,  Pa.  1914,  Lehigh  Valley  Coal  Co.,  Wilkes-Barre, 
Pa. 

Present  position:  Student,  School  of  Mines,  Pennsylvania  State  College. 

Roger  Lytle  Wensley,  New  York,  N.  Y. 
Proposed  by  Robert  reele,  E.  J.  Hall,  H.  L.  Carr. 

Bom  1894.  Brooklyn,  N.  Y.  1909-13,  Boys'  High  School,  Brooklyn,  N.  Y. 
1913  (summer)^  Besson  &  Co.,  Dobbs  Ferry,  N.  Y. 

Present  position:  Student,  Columbia  School  of  Mines. 

Fred  P.  Williams,  New  York,  N.  Y. 

Proposed  by  E.  J.  Hall,  H.  L.  Carr,  Robert  Peele. 

Bom  1886,  Riverside.  Iowa.  1900-04,  High  School,  Larimore,  N.  D.  1905-10, 
Univ.  of  N.  D.,  Grand  Forks,  N.  D.;  M.  E.  1906-08,  summers  in  Coeur  D'Alenes, 
British  Columbia  and  Montana,  on  placers,  and  on  underground  work,  Hunter  Min. 
Co.  1909,  Twin  Peaks  Min.  Co.,  Duncan,  Ariz.  1910,  Student.  1911,  Whitman  Min. 
Co.,  Pearl,  Idaho.  1912,  Utah  Copper  Co.,  Bingham,  Utah.  1913-14,  Chino  Copper 
Co.,  Santa  Rita,  N.  M. 

Present  position :  Student,  Columbia  School  of  Mines. 

Changes  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  oflBice  during  the  period  Sept.  10  to  Oct.  10,  1915.-  This 
list,  together  with  the  list  published  in  Bulletin  Nos.  100  to  106,  April  to 
October,  1915,  and  the  foregoing  list  of  new  members,  therefore,  supple- 
ments the  annual  list  of  members  corrected  to  Mar.  1,  1915,  and  brings 
it  up  to  the  date  of  Oct.  10,  1915. 

Albdorf,  Frederick  C Wickenburg,  Ariz. 

Anderson,  Amil  A.,  Met Homestake  Min.  Co.,  Lead,  S.  D. 

Anderson,  Frank  M.,  Geol Standard  Oil  Co.,  2604  Etna  St.,  Berkeley,  Cal, 
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Anderson,  James  S Instructed  to  hold  all  mail. 

Austin,  John  F Farmington,  Conn. 

Bate  MAN,  Alan  M.,  Min.  Geol Drawer  C,  Yale  Station,  New  Haven,  Conn. 

Beeson,  Alexander  C Worthington,  W.  Va. 

Bennett,  Arthur  F Saunon,  Idaho. 

Berryhill,  James  G 2737  Claren;)ont  Blvd.,  Berkeley,  Cal. 

BissELL,  Robert  W 611  Arrott  Bldg.,  Pittsburgh,  Pa. 

Blaylock,  D.  W Bonne  Terre,  Mo. 

Bleeck,  a.  W.  G 37  Brook  Green,  London,  W.,  England. 

BoNSACK,  Arthur  A 1010  Boatmen's  Bank  Bldg^  St.  Louis,  Mo. 

Bradt,  Maurice  L Theta  Tau  House,  Houghton,  Mich. 

Brooke,  Lionel,  Care  Chile  Exploration  Co.,  Chuquicamata,  via  Antofagasta,  Chile. 

Burling AME,  Walter  E Assayer,  Chem.,  17  6  Lawrence  St.,  ENenver,  Colo. 

Cahen,  James  P.,  Jr 431  Chestnut  St.,  S.  Bethlehem,  Pa. 

Callaway,  L.  A 613  Walnut  St.,  Anaconda,  Mont. 

Carpenter,  Clark  B.,  Prof,  of  Chemistry  and  Metallurgy,  State  School  of  Mines, 

Weir  City,  Kan. 

Carr,  Homer  L School  of  Mines,  Columbia  Univ.,  New  York,  N.  Y. 

Carroll,  Fred Commissioner  of  Mines,  State  Capitol,  Denver,  Colo. 

Clb AVELAND,  Newton 433  California  St.,  San  Francisco,  Cal. 

Cox,  W.  Ray,  Prof,  of  Min.  &  Met.,  Or^on  Agricultural  College, 

Mines  Bldg.,  Corvallis,  Ore. 

Gushing,  Daniel.  Met Sandusky  Foundry  &  Machine  Co.,  Sandusky,  O. 

Daley,  Stephen  H.,  Jr Box  943,  Niagara  Falls,  N.  Y. 

Davis,  Roy  Henry 6  Llewellyn  Place.  Orange,  N.  J. 

Dvshler,  George  O Care  The  Darby  Mill,  Mazuma,  Humooldt  Co.,  Nev. 

DicKERMAN,  A.  L 814  North  Tejon  St.,  Colorado  Spring,  Colo. 

DicKMAN,  R.  N 170  Bay  St.,  St.  Augustine,  Fla. 

Downs,  Fletcher  Gardner 183  Carolina  Ave.,  Pinners  Point,  Portsmouth,  Va. 

Dunn,  Theodore  S.,  Prof,  of  Mining,  So.  Dakota  State  School  of  Mines, 

Rapid  City,  S.  D. 

Eyoub,  Djevad Livingston  Hall,  Columbia  Univ.,  New  York,  N.  Y. 

FiLTEAU,  C.  A Instructed  to  hold  all  maU. 

Fischer,  Siegfried Care  Mrs.  H.  Kircher,  29  W.  93d  St.,  New  York,  N.  Y. 

Fleschhutz,  John  C 620  Gas  &  Electric  Bldg.,  Denver,  Colo. 

Forbes,  J.  Hyde Care  J.  P.  Lippincott,  1100  Central  Bldg.,  Ix)s  Angeles,  Cal. 

Fox,  Walter  V Sierra  Plata  Min.  Co.,  La  Presena,  ParraL  Chih,  Mexico. 

Gaby,  Walter  E.,  Asst.  Geol Anaconda  Copper  Mining  Co.,  Butte,  Mont. 

Geiger,  Arthur  W Instructed  to  hold  all  mail. 

Gordon,  John Care  Gordon  &  Rogers,  141  Broadway,  New  York,  N.  Y. 

Grieve,  Richard  P.,  Engrg.  Dept P.  S.  C,  Shaft  3,  Clark  St»Brooklyn,  N.  Y. 

Haldeman,  George  T 182  N.  Franklin  St.,  Wilkes-Barre,  Pa. 

Hamann,  William  August,  Jr Box  107,  McGill,  Nev. 

Harder,  Edmund  C 206  Science  Hall,  Madison,Wis. 

Hendricks,  George  F.,  Min.  Engr.,  Mining  Corporation  of  Canada, 

Cobalt,  Ont.,  Canada. 

Hess,  Rush  M Care  Harold  M.  Hess,  1215  Amherst  PL,  St.  Louis,  Mo. 

HoFSTRAND,  OscAR  B Flat  Rivcr,  Mo. 

HoLDERER,  George  B.,  Min.  Engr 165  Broadway,  New  York,  N.  Y. 

HoNNOLD,  William  L Hyde  Park  Hotel,  Knightsbridge,  London,  England. 

Imhoff,  Wallace  G.,  Met.  Engr Corrigan,  McKinney  &  Co.,  Cleveland,  0. 

JuDSON,  WiLBBR 602  N.  Washington  Ave.,  Lansing,  Mich. 

Kane,  John  I.,  Min.  Engr.,  American  Smelt.  &  Ref.  Co.,  1112  Mills  Bldg., 

El  Paso,  Tex. 

Keeney,  Robert  M Care  Standard  Chemical  Co^  Canonsbuig,  Pa. 

Kelly,  James  A Pocahontas  Coal  &  Coke  Co.,  Seattle,  Wash. 

Knowles,  Silas  A 400  Carrie  St.,  Sault  Ste.  Marie,  Mich. 

Lamb,  Robert  B 27  Cedar  St.,  New  York,  N.  Y. 

Landon,  Stephen  L Box  321,  Tombstone^Ariz. 

Larson,  Andrew  G Paulsen  Bldg.,  Spokane,  Wash. 

Led  YARD,  Lewis  William,  Min.  Engr.;  Supt.,  Teck-Hughes  Gold  Alines,  Ltd., 

iurkland  Lake,  Ont.,  Canada. 

Levy,  Arthur  G 1923  Madison  Ave.,  New  York,  N.  Y. 

Lombardi,  Maurice  E.,  Supt.  of  Oil  Developments,  Kern  Trading  &  Oil  Co., 

San  Francisco,  Cal. 
LoNGYBAR,  J.  M.j  Jr 406  N.  Pinckne^  St.,  Madison^  Wis. 
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Luther,  E.  C Rooms  302,  303,  Thompson  Bldg.,  Pottsville,  Pa. 

McClure,  Alexander  P Detroit  Iron  &  Steel  Co..  Detroit,  Mich. 

McDonald.  Thomas Youngstown  &  Ctuifield  Rd.,  Box  4,  Youngstown,  O. 

Marsh,  Robert,  Jr Care  Nevada  Cons.  Copper  Co.,  Ruth,  via  Cobre,  Nev. 

Matlack,  E.  V 515  Bompart  St.,  Webster  Groves,  Mo. 

Means,  Alan  Hat Silver  Bell,  via  Red  Rock,  Ariz. 

Millard,  William  J Care  Angus  Marshall,  Box  707,  Port  Arthur,  Tex. 

Miller,  Herbert  F.,  Jr 1445  S.  Park  Ave.,  Lackawanna,  N.  J. 

Mitchell,  George Middlemarch,  Cochise  Co.,  Ariz. 

Montandon,  George  E Andes  Exploration  Co.,  Chanaral,  Chile. 

Morrow,  John  T.,  Factory  Products  Export  Corpn.,  61  Broadway,  New  York,  N.  Y. 

Nebeker,  a.  C,  Supt Leonora  Mine,  Milford,  Utah. 

NewcomBj  Clive  S.,  Mech.  and  Met.  Engr.,  7a  Calle  Zacatecas,  182,  Mexico,  D.  F. 

Nishio,  Keijiro 10  Koya-machi,  Shizuoka,  Japan. 

Parsons,  Floyd  W Editor,  Coal  Age,  10th  Ave.  &  36th  St.,  New  York,  N.  Y. 

Perry,  Howard  E.,  Mining  Operator,  Suite  5-6,  51 J^  Exchange  St.,  Portland,  Me. 

Pfeiffer,  George  W 5020  N.  15th  St.,  Philadelphia,  Pa. 

Pitman,  S.  M Care  Stirling  S.  Smith,  Box  220A,  R.  F.  D  1,  San  Diego,  Cal. 

Porter,  Jesse  C,  Asst.  Supt Matahambre  Mine,  Cuba. 

Pratt,  Wallace  E Formoso,  Kan. 

Prince,  Ernest Boatmen's  Bank  Bldg.,  St.  Louis,  Mo. 

Prybr,  William  Cristy 307  W.  7th  St.,  Anaconda,  Mont. 

Putnam,  Benjamin  R Box  25,  R.  F.  D.  1,  Exeter,  Cal. 

Raiber,  Nicolaus  H 127  Madison  St.,  Wilkes-Barre,  Pa. 

Reger,  David  B.,  Asst.  Geol W.  Va.  Geological  Survey,  Morgantown,  W.  Va. 

Bobbins,  Hallbt  R Box  81,  College  Station,  Pullman,  Wash. 

Rockwell,  Fred  Gore Gwinn,  Mich. 

Savage,  Leslie  L 143  Riverside  Drive,  New  York,  N.  Y. 

ScoLES,  John  C Bessemer,  Mich. 

Singmaster,  J.  A.,  Genl.  Supt New  Jersey  Zinc  Co.,  Palmerton,  Pa. 

Skinner,  Edmond  N 25  Broad  St.,  New  York,  N.  Y. 

Sleeman,  H.  R Palace  Hotel,  Perth,  W.  Australia. 

Smalley,  William  W Instructed  to  hold  all  mail. 

Smith,  Howard  C Care  Ray  Cons.  Copper  Co.,  Ray,  Ariz. 

Sohnlein,  M.  G.  F.,  Min.  Engr.;  Mill  Mgr.,  Compania  Minera  de  Oruro, 

Machacamarca,  Bolivia. 

Stroud,  B.  K 333  Pacific  Ave.,  Oakland,  Cal. 

SuYDAM,  A.  G 107  Hayden  St.,  Cripple  Creek,  Colo. 

Thomas,  William  S 601  East  St.,  Redding,  Cal. 

Thompson,  Lester  S 251  E.  Kingsbridge  Road,  New  York,  N.  Y. 

Thurston,  E.  C Care  Mrs.  E.  L.  Griffith,  Ross,  Marin  Co.,  Cal. 

TsAi,  Hsiano. 424  Hartley  Hall,  Columbia  University,  New  York,  N.  Y. 

Turner,  Thomas  Norton Ruby,  Alaska. 

Verrill,  Clarence  S.,  Cons.  Min.  Engr.,  and  Met.;  B.  C.  Representative, 

Tonopah  Belmont  Dev.  Co.,  Vancouver,  B.  C,  Canada. 

Walker,  Myron  R.,  Min.  Engr Cerro  de  Pasco  Min.  Co.,  Cerro  de  Pasco,  Peru. 

Weigall,  Henry  S.,  Genl.  Mgr.,  Chosen  Gold  Mines,  Ltd.,  Kok  Kang  Kol  Mine, 

Chungan,  Chosen,  Korea. 

Whitman,  Alfred  R Box  533,  Cobalt,  Ont.,  Canada. 

Williams,  John  T 122  W.  76th  St.,  New  York,  N.  Y. 

Williams,  Ralph  B 81  Gibbs  St.,  Brookline,  Mass. 

Williams,  Robert  Y.,  Safety  Engr.,  Delaware  &  Hudson  Co.,  Coal  Dept., 

Scran  ton,  Pa. 

Wilmot,  H.  Clifford, Care  Engineers'  Club,  32  W.  40th  St.,  New  York,  N.  Y. 

Wolf,  W.  A Casilla  655,  Guayaquil,  Ecuador. 

Wood  WORTH,  Guy  Thomas,  Student,  Montana  State  School  of  Mines,  Butte,  Mont. 

Woolf,  Wallace  G Care  Tintic  Milling  Co.,  Silver  City,  Utah. 

Worth,  John  G Room  1416,  66  Broadway,  New  York,  N.  Y. 

Young,  James  S.,  Min.  and  Met.  Engr Care  Milne  &  Co.,  Lima,  Peru* 

Addresses  of  Members  and  Associates  Wanted 

Name.  Last  address  of  Record,  from  which  Mail  has  been  Returned. 

Campbell,  W.  C 4  Princess  St.,  Roodeport,  Transvaal,  S.  Africa. 

Cook,  Paul  Richardson 4159  Grand  Boulevard,  Chicago,  111. 

Gbave9,  ^JpPowbll 949  Atlantic  Ave.,  Long  Beach,  Cal, 
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Hamilton,  Arthub  L 701  W.  14th  Place,  Chicago,  El. 

Helm,  J.  D Apartado  1277,  Mexico  City,  Mex. 

HoLDEN,  Rot  J Bl&cksburg,  Va. 

KuME,  F.  M 625  I.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 

Le  Noir,  Frank  H Douglas,  Alaska. 

Miller,  Frank  Barton Blair,  Esmeralda  Co.,  Nev. 

Nash,  Willard  H 297  Delaware  Ave.,  Buffalo,  N.  Y. 

Pretyman,  Frank  Remington Osjrter  Bay,  N.  Y. 

Prichard,  Will  A Room  711,  111  Broadway,  New  York,  N.  Y. 

Rhodes,  W  .  B Golden,  Colo. 

ScHiNDLER,  Donald  F 215  N.  Murray  St^  Madison,  Wis. 

Seibbrt,  Percy  A Ha^rstown.  Md. 

SoMERS,  Ransom  E 804  E.  Seneca  St.,  Ithaca,  N.  Y. 

Stillwagon,  Sam  C 329  W.  58th  St.,  New  York,  N.  Y. 

Sullivan,  Willard  P Henry  Walks  Co.,  Norfolk,  Va. 

Welsh,  Norval  J.  E Organ,  P.  O.,  N.  M. 

Wilson,  John  B Cerro  de  Pasco,  Peru. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  Sept.  10  to  Oct.  10,  1915: 

Date  of 

Election.         Name.  Date  of  Decease. 

1913  ♦Hebgen,  Max August   24,   1915. 

1881  **Torrey,  H.  G August  29,   1915. 

♦Member.  ** Life  Member. 

Biographical  Notices 

Max  Hebgerij  who  died  at  Chicago,  Aug.  24,  1915,  was  one  of  the 
industrial  leaders  of  Montana  and  Idaho.  The  following  account  of 
his  life  and  work,  taken  substantially  from  the  Anaconda  Standard  of 
Aug.  25,  not  only  depicts  a  remarkable  career,  but  also  presents  a  note- 
worthy review  of  mechanical  progress  in  the  far  Northwest. 

At  the  time  of  his  death,  Mr.  Hebgen  was  Vice-President  and  General 
Manager  of  the  Montana  Power  Co.,  which,  together  with  its  subsidiary 
corporations,  constitutes,  perhaps,  the  largest  organization  of  its  kind 
in  the  world;  and  he  had  advanced  to  this  high  position  as  a  "captain 
of  industry"  through  successive  promotions,  earned  by  patient  practice, 
unswerving  loyalty  and  unceasing  study,  aided  by  extraordinary  executive 
ability. 

Max  Hebgen  was  born  in  1870  at  Beaver  Dam^  Wis.,  and  received 
an  average  education  in  the  schools  of  that  place  and  of  Milwaukee. 
In  1887,  he  entered  the  Law  School  of  the  University  of  Wisconsin,  but 
left  at  the  end  of  the  first  term,  in  order  to  enter  the  service  of  the  West^ 
inghouse  Electric  Co.  From  that  time  on,  his  life  was  devoted  to 
electrical  engineering.  At  the  age  of  20  he  came  to  Butte,  where  he 
resided  for  a  quarter  of  a  century,  building  up  and  developing  the  elec- 
trical resources  of  Montana.  He  became  associated  with  W.  A.  Clark, 
the  late  P.  A.  Largey  and  the  late  Harry  A.  d'Acheul  as  Superintendent 
of  the  old  Butte  Electric  Lighting  Co.  This  was  succeeded  by  the  Butte 
General  Electric  Co.,  which  was  merged  with  the  Silver  Bow  Electrical 
Co.  into  the  Butte  Electric  &  Power  Co.  Mr.  Hebgen  was  advanced 
from  Superintendent  to  General  Manager  of  the  last-named  company  and 
then  to  the  general  managership,  a  position  which  then  required  a  person 
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with  business  courage  as  well  as  ability  for  organization  and  superior 
technical  knowledge.  When  the  Montana  Power  Co/ was  organized,  he 
became  the  director  of  its  activities  with  the  late  John  G.  Morony,  whose 
death  was  a  severe  blow  to  Mr.  Hebgen.  In  1910  he  was  Superintendent 
of  the  Butte  Electric  &  Power  Co.  and  the  Great  Falls  Power  Co.  and  then 
became  Vice-President,  General  Manager  and  director  of  these  companies. 

Mr.  Hebgen  had  millions  at  his  command.  Those  who  intrusted  him 
with  directing  the  hydro-electrical  power  development  of  the  State  had 
such  confidence  in  him  that  it  is  related  that  when  he  once  said,  **I  need 
three  millions  for  this  work,"  he  was  told,  "You  can  have  it."  And  his 
judgment  was  vindicated.  At  the  time  of  his  death  Jie  was  in  charge 
of  properties  developing  225,000  horsepower.  One  of  his  first  jobs  as  an 
engineer  was  done  on  the  Big  Hole  River,  22  miles  south  of  Butte.  This 
plant  was  built  in  1898  and  carries  power  to  the  city  of  Butte  for  the 
street  railway  company  and  for  the  pumping  plant  of  the  Butte  Water 
Co.  The  development  was  made  by  building  a  rock-filled  crib  dam  across 
the  narrow  canyon  of  the  river,  giving  a  head  of  65  ft.  The  Canyon 
Ferry  plant  on  the  Missouri,  17  miles  from  Helena,  was  built  in  1898 
and  39  ft.  of  head  are  developed  there.  Power  from  this  plant  is  used 
principally  to  supply  the  requirement*  of  the  mining  industry.  It  was 
only  a  few  years  ago  that  the  Montana  Power  Co.  began  to  build  its  steel 
frames  for  carrying  high-voltage  wires  to  supply  the  Butte  mines  and  the 
Anaconda  smelter  with  electricity. 

The  Madison  plant,  No.  1,  was  built  in  1901  on  the  Madison  River 
canyon,  61  miles  east  of  Butte,  the  development  originally  consisting  of 
a  low  crib  dam  and  wooden  flume  about  1,000  ft.  long.  The  power  was 
transmitted  to  Butte. 

In  1890,  under  Mr.  Hebgen's  direction,  a  dam  was  built  across  the 
Missouri  River  just  above  the  Black  Eagle  Falls,  near  the  city  of  Great 
Falls,  and  8,300  hp.  developed,  of  which  7,500  was  used  directly  at  the 
Boston  &  Montana  smelter  in  Great  Falls  and  the  rest  transmitted  elec- 
trically and  used  for  lighting  and  street-car  purposes.  These  four  plants 
supplying  power  for  Butte,  Helena,  and  Great  Falls  were  built  when  the 
transmission  of  power  by  electricity  was  in  its  infancy  and  fonned  the 
nucleus  of  what  has  become  one  of  the  great  power  systems  of  the  country. 

It  was  after  1905  that  great  strides  were  made  under  Hebgen's  direc- 
tion. The  Madison  River  dam  was  rebuilt  and  enlarged  and  the  Madison 
No.  2  plant  was  installed.  The  wood-stave  pipe,  7,400  ft.  long,  was  at 
the  time  the  largest  conduit  of  this  type  in  the  world.  Additional  trans- 
mission lines  were  built  to  Butte,  to  Alder  Gulch,  to  Three  Forks,  and  to 
Bozeman,  Livingston,  and  later  BilUngs. 

On  the  Missouri  River  below  Canyon  Ferry  was  constructed  the 
Hauser  Lake  plant,  which  furnished  power  to  Butte  and  Anaconda  and 
to  small  mines  between  Butte  and  Helena. 

Perhaps  the  greatest  monument  to  the  courage  of  Mr.  Hebgen  is  the 
Great  Falls  system.  In  a  distance  of  8  miles  the  river  near  Great  Falls 
drops  400  ft.,  half  being  in  abrupt  falls,  making  power  development 
easy  and  a  total  of  125,000  kw.  feasible.  In  1910  the  Rainbow  dam  was 
built.  Power  from  this  plant  is  transmitted  to  the  smelter  at  Great 
Falls  and  to  Butte  over  duplicate  steel  tower  transmission  lines.  From 
Butte  he  caused  the  construction  of  an  additional  Une  to  Anaconda  and 
feeders  were  run  from  the  Rainbow  plant  to  Lewistown,  Havre,  and 
Cascade.     In  1906,  a  dam  was  built  on  Missoula  River  below  the  mouth 
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of  the  Blackfoot,  and  from  this  place  Missoula  is  served  and  a  high-tension 
line  serves  the  cities  of  Hamilton,  Stevensville,  and  Victor. 

Mr.  Hebgen's  next  activity  was  the  2,500-hp.  development  on  the 
Big  Fork  River,  in  the  northwestern  part  of  the  State.  Power  from  this 
source  now  serves  the  cities  of  Kalispell,  Whitefish,  Columbia  Falls  and 
intermediate  points. 

Early  in  August,  1915,  water  went  over  the  spillway  of  the  Big  Falls 
dam,  20  miles  from  Great  Falls.  This  dam  is  the  largest  of  three  dams 
of  the  company  on  the  Missouri  River,  and  its  construction  was  one  of  the 
notable  feats  in  Mr.  Hebgen's  engineering  career.. 

Another  plant  which  was  completed  in  the  last  year  of  Mr.  Hebgen's 
life  is  that  of  the  Thompson  Falls  Power  Co.  on  the  Clark  fork  of  the 
Columbia  River. 

In  November,  1914  Mr.  Hebgen  undertook  the  work  of  supplying 
power  and  the  erection  of  poles  and  wires  for  the  Milwaukee  electrifica- 
tion. His  plans  were  wisely  made,  and  the  power  company  is  ahead  of 
its  contract,  as  the  first  units  of  the  Thompson  Falls  plant  are  running 
and  are  ready  to  supply  power  for  part  of  the  400  miles  of  track  from 
Avery,  Idaho,  to  Harlowton,  Mont.  This  work  attracted  attention  to 
Mr.  Hebgen  from  all  sections  of  the  country. 

While  Mr.  Hebgen's  activities  were  largely  directed  toward  the  hydro- 
electrical  development  of  Montana,  he  was  also  a  leader  in  the  utilization 
of  water  sites  in  Oregon  and  Idaho.  Several  years  before  his  death,  he 
became  interested  in  behalf  of  the  Montana  Power  Co.  in  developments 
on  Henry's  fork  of  the  Snake  River,  near  its  head-waters  in  eastern 
Idaho,  and  near  the  Montana  State  line.  He  looked  into  the  possibilities 
of  water-power  development  at  the  Ox  Bow  site  of  the  Idaho-Oregon 
Water  Power  &  Townsite  Co.  Mr.  Hebgen  had  also  been  asked  for 
his  opinion  on  sites  in  northern  Idaho. 

The  plants  in  Montana,  which  had  been  built  and  developed  by  Mr. 
Hebgen  within  the  last  15  years,  can  be  summarized  as  follows: 

Big  Hole,  Billings  No.  1,  Black  Eagle,  Canyon  Ferry,  Hauser  Lake, 
Lewistown  No.  1,  Lewistown  No.  2,  Livingston,  Madison  River  No.  1, 
Madison  River  No.  2,  Prospect  Creek,  Rainbow,  Missoula  River  develop- 
ment, Big  Fork  development,  Rainbow  and  Thompson  Falls. 

The  technical  exactness  of  Mr.  Hebgen  was  shown  by  the  success  of 
his  transmission  system.  The  various  lines  are  tied  together  through 
transformers  and  operated  as  one  large  distributing  network  into  which 
power  is  fed  from  13  plants  and  from  which  power  is  taken  to  46  sub-sta- 
tions. One  year  ago  there  were  1,300  miles  of  transmission  line,  of  which 
340  was  steel  tower  line.  The  system  covers  a  territory  approximately 
200  miles  square,  and  supplies  power  and  light  for  40  cities  and  towns 
and  has  made  it  possible  to  pump  by  electricity  water  supplies  of  all  large 
cities. 

In  the  commercial  development  of  the  uses  of  electricity  Mr.  Hebgen 
played  a  large  part.  A  year  ago,  he  pointed  with  pride  to  the  fact  that 
there  were  10,000  electric  flatirons  in  homes  supplied  with  light  by  his 
company,  where  washing  machines  also  and  other  household  apparatus 
were  run  by  electricity. 

Under  his  direction  contracts  to  supply  power  for  the  street-railway 
systems  of  Butte,  Great  Falls,  Missoula,  Anaconda,  and  Billings  and  the 
Gallatin  Valley  railway  system  were  executed.  The  bringing  of  electric 
power  to  the  mining  districts  meant  that  many  mines  and  miffs,  operated 
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at  a  loss  under  steam  power,  were  set  a-going  again  at  a  profit.  It  was 
Mr.  Hebgen  who  saw  the  possibilities  of  power  for  mine  work,  and  the 
immense  power  possibilities  of  the  Missouri  River  lay  dormant  until  he 
decided  to  put  his  opinion  into  eflfect.  A  total  of  44,000  kw.  was  used  in 
mines  and  smelters  at  the  time  of  Mr.  Hebgen's  death. 

The  first  railroad  to  be  electrified  in  the  West  was  the  Butte,  Ana- 
conda &  Pacific.  Mr.  Hebgen,  who  had  charge  of  this  work,  told  a  con- 
ference of  railroad  men  that  it  was  only  a  matter  of  time  until  all 
transcontinental  railways -would  have  recourse  to  electrical  operation, 
and  he  was  working  on  broad  plans  to  make  this  a  reality  in  the  inter- 
mountain  country. 

He  turned  his  attention  also  to  supplying  power  for  irrigation  proj- 
ects which  involved  pumping.  The  first  large  plant  of  this  nature  he 
installed  in  the  Prickly  Pear  Valley  near  Helena  for  the  Montana 
Reservoir  &  Irrigation  Co.,  which  supplies  water  for  5,000  acres.  Under 
his  direction  the  Great  Falls  Power  Co.  entered  into  a  contract  with  the 
government  to  furnish  power  for  building  dams  and  canals  in  connection 
with  the  Sun  River  project.  He  reported  favorably  on  the  proposal  to 
supply  water  during  the  irrigation  season  from  a  storage  reservoir  near 
the  headwater  of  the  Madison  River  close  to  Yellowstone  Park,  and  the 
Montana  Reservoir  &  Irrigation  Co.  is  now  building  a  storage  reservoir 
with  a  capacity  of  15,000,000,000  cu.  ft. 

In  anticipation  of  still  greater  demands  for  power  Mr.  Hebgen  had 
made  plans  for  the  development  of  sites  in  the  northwestern  part  of  the 
State,  especially  around  Flathead  Lake,  Kootenai  Falls,  etc. 

Although  Mr.  Hebgen  began  in  a  humble  way  in  Butte,  he  was  gaining 
international  recognition  at  the  time  of  his  death.  Many  residents 
remember  him  as  a  young  man  familiarly  called  **Max"  who  in  work- 
man's garb  ran  a  small  plant  at  what  is  now  the  Cabbage  Patch,  20 
years  ago.  The  steady  progress  of  those  20  years  made  him  the  chief 
factor  in  that  marvelous  progress  which  has  supplied  to  a  wide,  rich 
region  its'  one  great  need — mechanical  power.  Many  poetic  souls  have 
rhapsodized  about  the  utilization  of  water-power  as  a  substitute  for  coal. 
Mr.  Hebgen  turned  that  vision  into  a  great,  continental  fact. 

Mr.  Hebgen  was  a  big  man  physically,  and  the  ailment  which  fastened 
itself  on  him  was  more  dangerous  to  a  man  of  his  physique.  His  indomi- 
table energy  and  determination  to  push  to  completion  some  of  the  larger 
projects  kept  him  at  his  work  long  after  he  should  have  been  taking 
a  rest.  As  a  consequence,  we  have  to  lament  his  death  from  heart  disease 
at  the  early  age  of  45. 

Herbert  Gray  Torrey  was  born  in  1841,  at  New  York  City,  and  graduated 
in  1860  from  the  College  of  the  City  of  New  York.  His  father,  Dr. 
John  Torrey,  was  famous  chieflj'^  as  a  botanist,  though  eminent  as  a 
professor  of  chemistry  and  geology  also,  at  different  times  in  several 
American  colleges.  In  1854,  President  Pierce  appointed  Dr.  Torrej*^ 
Chief  Assayer  in  the  U.  S.  Assay  Office  at  New  York — a  position  which  he 
retained  until  his  death  in  1873.  Herbert  Torrey,  who  had  been  his 
father's  assistant  in  that  office,  became  Chief  Assayer  at  his  father's 
death,  and  continued  to  serve  until  1910,  when  he  went  into  business  for 
himself  as  an  assayer  and  consulting  metallurgist.  He  was  also  a  con- 
sulting chemist,  a  government  expert  in  textile  fabrics,  and  an  examiner 
of  mines.     In  the  latter  capacity  he  made  many  trips  through  the  western 
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United  States.  He  joiDed  this  Institute  in  1881,  and  was  a  frequent 
attendant  at  its  meetings,  together  with  his  wife.  He  was  also  a  member 
of  the  American  Society  of  Mechanical  Engineers,  the  Franklin  Institute 
of  Philadelphia,  and  the  Society  of  the  Cincinnati. 

In  1912  he  retired  from  active  business,  residing  thereafter  at  Stirling, 
N.  J.  and  (in  the  winter)  at  San  Diego,  Cal.  In  Stirling,  where  he  bad 
lived  for  many  years,  he  was  known -as  a  pubhc-spirited  and  progressive 
citizen.  He  was  active  in  the  establishment  of  the  first  public  school 
there,  the  creation  of  the  cemetery,  the  park  gardens,  the  first  volunteer 
fire  company,  etc.,  and  served  for  many  years  as  an  elder  of  the  Presby- 
terian church.  He  died  Aug.  29,  1915,  at  his  home  in  StirUng,  painlessly 
and  suddenly,  of  heart  weakness.  Many  of  the  older  members  of  the 
Institute  will  sadly  miss  the  genial  companionship  of  Mr.  Torrey,  and 
sincerely  share  the  sorrow  of  his  widow. 
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EXECUTIVE  OOMMITTEES  OF  LOCAL  SECTIONS 

New  York 
Meeta  first  Wednesday  after  first  Tuesday  of  each  month. 

DAVID  H.  BROWNE,  Chairman,  JOHN  H.  JANEWAY,  Vice-Chairman. 

F.  E.  pierce.  Secretary,  35  Nassau  St.,  New  York,  N.  Y. 
P.  A.  M08MAN,  Treasurer. 
LEWIS  W.  FRANCIS. 

Boston 

Meets  first  Monday  of  each  winter  month. 

HENRY  L.  SMYTH,  Chairman.  ALFRED  C.  LANE,  Vice-chairman. 

HENRY  A.  WENTWORTH,  Secretarif-Treasurer,  60  India  St.,  Boston,  Mass. 
ROBERT  H.  RICHARDS,  ALBERT  SAUVEUR. 

Columbia 

Holds  four  sessions  during  yeas*     Annual  meeting  in  September  or  October. 

FRANK  A.  ROSS,  Chairman.  RUSH  J.  WHITE,  Vice-Chairman. 

LYNDON  K.  ARMSTRONG,  Seerelary-Treaaurer,  P.  O.  Drawer  2154,  Spokane,  Wash. 
FREDERIC  KEFFER,  FRANCIS  A.  THOMSON. 

Pugei  Sound 
Meets  second  Saturday  of  each  month. 

I.  F.  LAUCKS,  Chairman.  J.  F.  MENZIES.  Vice-Chairman. 

GLENVILLE  A.  COLLINS  Seerelary-Treaaurer,  Box  144,  Seattle,  Wash. 
H.  L.  MANLEY. 

SoiUhem  Ccdifomia 

SEELEY  W.  MUDD,  Chairman.  C.  COLCOCK  JONES.  Vice-Chairman. 

FREDERICK  J.  H.  MERRILL,  Secretary-Treaeurer,  631  Higgins  Bldg..  Los  Angeles,  Cal. 
RALPH  ARNOLD,  A.  B.  CARPENTER. 

Colorado 

CHARLES  A.  CHASE,  Chairman.  S.  A.  lONIDES.  Vice-Chairman. 

C.  LORIMER  COLBURN,  Secretary-Treaeurer,  614  Ideal  Bldg.,  Denver.  Colo. 
FRED  H.  BOSTWICK,  -      W.  G.  SWART. 

Montana 

FRANK  M.  SMITH.  Chairman.  JAMES  L.  BRUCE.  Vice-Chairman. 

DARSIE  C.  BARD,  Secretary,  Montana  State  School  of  Mines.  Butte,  Mont. 
FREDERICK  LAIST.  W.  C.  SIDERFIN. 

San  Francisco 

Meets  second  Tuesday  of  each  month. 
G.  HOWELL  CLEVENGER,  Chairman.  C.  W.  MERRILL.  Vice-Chairman. 

JAMES  C.  RAY,  Secretary-Treasurer,  1235  Webster  St..  Palo  Alto,  Cal. 
F.  W.  BRADLEY.  ANDREW  C.  LAWSON. 

Pennsylvania  Athracite  Section 

R.  V.  NORRIS,  Chairman. 
CHARLES  F.  HUBER.  Vice-Chairman.  W.  J.  RICHARDS.  Vice-Chairman. 

EDWIN  LUDLOW,  Vice-Chairman.  ARTHUR  H.  STORRS,  Vice-Chairman. 

CHARLES  ENZIAN,  Secretary-Treasurer,  U.  S.  Bureau  of  Mines.  WUkes-Barre,  Pa. 
DOUGLAS  BUNTING,  FRANK  A.  HILL,  •      ALBERT  B.  JESSUP. 

RUFUS  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

St.  Louis 

ARTHUR  THATCHER,  Chairman.  R.  A.  BULL,  Vice-Chairman. 

WALTER  E.  McCOURT,  Secretary-Treasurer,  Washington  Univ.,  St.  Louis.  Mo. 
H.  A.  BUEHLER.  R.  R.  8.  PARSONS.  HERBERT  A.  WHEELER. 

Chicago 

ROBERT  W.  HUNT,  Chairman.  J.  A.  EDE,  Vice-Chairman. 

HENRY  W.  NICHOLS.  Secretary-Treasurer,  Field  Museum  of  Natural  History,  Chicago,  HI. 
F.  K.  COPELAND.  G.  M.  DAVIDSON. 

Utah 

C.  W.  WHITLEY.  Chairman.  WALTER  FITCH.  Vice-Chairman. 

ERNEST  GAYFORD.  Secretary-Treasurer,  159  Pierpont  Ave.,  Salt  Lake  City,  UUh. 
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STANDING  OOMMITTEES 

ExeeuUoe 

WILLIAM  L.  SAUNDERS.  Chairman. 
GEORQE  D.  BARRON,  JOSEPH  W.  RICHARDa 

SIDNEY  J.  JENNINGS,  BENJAMIN  B.  THAYER. 

Membership 

JOHN  H.  JANEWAY,  Chairman. 
KARL  EmERS,  LOUIS  D.  HUNTOON, 

LEWIS  W.  FRANCIS.  ARTHUR  L.  WALKER. 

Finance 

GEORQE  D.  BARRON,  Chairman, 
ALBERT  R.  LEDOUX,  CHARLES  F.  RAND.      • 

Library 

E.  GYBBON  SPILSBURY.  Chairman.* 
KARL  EILERS*  ALEX  C.  HUMPHREYS.» 

JOHN  HAYS  HAMMOND,*  BRADLEY  STOUGHTON. 

Papers  and  PvblicaUons 

BRADLEY  STOUGHTON.  Chairman. 


[■CnnVB  COllllITTBS 


KARL  EILERS. 
JOSEPH  W.  RICHARDS. 


J.  L.  W.  BIRKINBINE. 
WILLIAM  H   BLAUVELT 
H.  A.  BRASSERT. 
WILLIAM  CAMPBELL, 
R.  M.  CATLIN. 
ALLAN  J.  CLAR*!k, 
FREDERICK  G.  COTTRELL. 
NATHANIEL  H.  EMMONS, 
JOHN  W.  FINCH. 
CHARLES  H.  FULTON 
F.  LYNWOOD  GARRISON, 
ROBERT  C.  GEMMELL. 
CHARLES  W.  GOODALE. 
HARRY  A.  GUESS. 
R.  DAWSON  HALL, 
PHILIP  W.  HENRY. 
HEINRICH  O.  HOFMAN, 


WALTER  E.  HOPPER, 
HENRY  M.  HOWE. 
LOUIS  D.  HUNTOON, 
J.  E.  JOHNSON.  JR., 
LEE  O.  KELLOGG, 
WILLIAM  KELLY, 
JAMES  F.  KEMP. 
CHARLES  K.  LEITH, 
ANTHONY  F.  LUCAS. 
EDWARD  P.  MATHEWSON. 
HERBERT  A.  MEG  RAW. 
RICHARD  MOLDENKE. 
SEELEY  W.  MUDD, 
R.  V.  NORRIS. 
EDWARD  W.  PARKER, 
EDWARD  D.  PETERS. 
ROSSITER  W.  RAYMOND, 


GEORGE  C.  STONE. 
SAMUEL  A.  TAYLOR. 

THOMAS  T.  READ. 

ROBERT  H.  RICHARDS, 

L.  D.  RICKETT8, 

HEINRICH  RIES, 

B.  F.  ROEBER, 

RENO  H.  SALES. 

ALBERT  8AUVEUR, 

HENRY  L.  SMYTH, 

A.  A.  STEVENSON. 

RALPH  H.  SWEET8ER. 

FELIX  A.  VOGEL, 

ARTHUR  L.  WALKER. 

ROLLA  B.  WATSON. 

HORACE  V  WINCHELL, 

FREDERICK  W.  WOOD. 

D WIGHT  E.  WOODBRIDGE. 


COMMITTEE    ON    JUNIOR    MEMBERS    AND    AFFILIATED    STUDENT 

SOCIETIES 

HARRY  H.  STOEK.  Chairman. 

Yice^hairmen 

CHARLES  H.  FULTON.  FREDERICK  W.  SPERR. 

EDWIN  C.  HOLDEN,  GEORGE  J.  YOUNG, 

WALTER  R.  CRANE.  SecrOary,  Pennsylvania  State  CoUege.  State  College,  Pa. 


LUTHER  W.  BAHNEY, 
DARSIE  C.  BARD. 
ROBERT  H.  BRADFORD, 
SAMUEL  W.  BEYER, 
GUY  H.  COX, 
JOSEPH  DANIELS. 
NOAH  F.  DRAKE. 
FRANK  W.  DURKEE, 


HOWARD  ECKFELDT, 
DAVID  M.  FOLSOM, 
R.  R.  GOODRICH. 
CHARLES  E.  LOCKE. 

JAMES  F.  McClelland, 

HARRY  B.  MELLER. 
WALTER  S.  MORLEY. 
HENRY  S.  MUNROE. 


CHARLES  J.  NORWOOD, 
GEORGE  S.  RAYMER. 
HEINRICH  RIES. 
HENRY  L.  SMYTH. 
FRANCIS  A.  THOMSON, 
F.  W.  TRAPHAGEN, 
CLINTON  M.  YOUNG. 


>  UntU  Feb..  1016.    •  UntU  Feb.,  1017.    •  Until  Feb..  1018.    «  UntU  Feb.,  1010,  -^ 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ,  Chainnan, 
DAVID  H.  BROWNE,  Firat  Vic^Chairman, 

Vic&'Chairmen 


LYNDON  K.  ARMSTRONG, 
EDWARD  H.  BENJAMIN, 
CHARLES  A.  BUCK, 
H.  W.  HARDINGE. 
DUNCAN  MACVICHIE, 


VAN  H.  MANNING, 
HENRY  W.  NICHOLS, 
ERSKINE  RAMSAY, 
SUMNER  S.  SMITH. 
WALTER  G.  SWART. 


EDWARD  L.  DUFOURCQ,  Secretary,  C  22  Produoe  Exchange.  New  York,  N.  Y. 


HUNTINGTON  ADAMS. 
F.  L.  ANTISELL, 
FRANKLIN  BACHE, 
EDWIN  G.  BANKS, 
PERCY  G.  BECKETT, 
LOUIS  V.  BENDER. 
JAMES  G.  BERRYHILL. 
ALBERT  C.  BOYLE.  JR. 
D.  H.  BRADLEY.  JR. 
VICTOR  M.  BRASCHI. 
FREDERIC  K.  BRUNTON. 
LESTER  R.  BUDROW.     - 
MILTON  A.  CAINE. 
EDWIN  E.  CARPENTER, 
CHARLES  CATLETT, 
NOAH  F.  DRAKE, 
J.  A.  EDE. 

LOUIS  V.  EMANUEL. 
AUGUSTUS  H.  EUSTIS, 
WALTER  FITCH. 
WILLIAM  E.  FOHL. 
STEPHEN  L.  GOODALE, 
CARL  E.  GRUNSKY.  JR., 


GEORGE  A.  GUESS, 
BENJAMIN  M.  HALL. 
RICHARD  S.  HASELTINE. 
PHILIP  W.  HENRY, 
FRANK  R.  HEWITT, 
JOSEPH  T.  HILLES, 
JOHN  HOAT80N. 
ROY  J.  HOLDEN, 
TADASHIRO  INOUYE, 
YING-CHIEH  KUANG. 
CLANCY  M.  LEWIS. 
I.  P.  LIHME. 
JOHN  J.  LINCOLN, 
DOUGLAS  C.  LIVINGSTON, 
SPENCER  R.  LOGAN, 
BRUNO  V.  NORDBERG. 
HENRY  M.  PARKS. 


HAZEL  L.  SCAIFE. 
WILUAM  J.  SHARWOOD. 
S.  F.  SHAW. 
JO  E.  SHERIDAN. 
ARTHUR  P.  SILLIMAN. 
JOHN  G.  SMYTH. 
RICHARD  B.  STANFORD, 
LEWIS  STOCKETT, 
JOHN  M.  SULLY. 
ARTHUR  F.  TAGGART. 
CHARLES  H.  TAYLOR. 
BENJAMIN  F.  TILLSON. 
ARTHUR  L.  TUTTLE. 
CHUNG  YU  WANG, 
R.  C.  WARRINER. 
WALTER  HARVEY  WEED. 
WILLIAM  Y.  WESTERVEL'l 


RICHARD  C.  PATTERSON.  JR.    HERBERT  A.  WHEELER. 


OLUF  G.  PETERSEN. 
FRANK  Ds  G;  RATH  BUN. 
AMBROSE  E.  RING. 
OSCAR  ROHN. 
WILLIAM  W.  ROSE. 


EDWIN  E.  WHITE, 
C.  W.  WHITLEY. 
HENRY  A.  J.  WILKENS, 
A.  EMORY  WISHON. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 


EUdricUy  in  Mining 

WILLIAM  KELLY, 
THOMAS  H.  LEGGETT, 
SAMUEL  A.  TAYLOR. 


Mine  Explosions 

H.  M.  CHANCE, 
FRANK  HAAS, 
CARL  SCHOLZ. 


Mine  Subsidence 

JAMES  F.  KEMP, 
R.  V.  NORRIS, 
CHARLES  K.  LEITH 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OP  STANDARDS 


Copper:  F.  L.  ANTISELL. 
Lead:  HEINRICH  O.  HOFMAN. 
Nickel:  DAVID  H.  BROWNE. 


Aluminum:  JOSEPH  W.  RICHARDS. 
Zinc:  GEORGE  C.  STONE. 


COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 


HENRY  S.  DRINKER. 


ARTHUR  S.  DWIGHT. 


WARREN  A.  WILBUR. 
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NOMINATING  COMMITTEE 

FRED  W.  BRADLEY,  Ckairmam, 

LOUIS  8.  GATES.  JAMES  F.  KEMP,  FRANK  M.  SMITH. 

R.  C.  QEMMELL,  FRANK  A.  ROSS,  ARTHUR  THACHER. 


INSTITUTE  REPRESENTATIVES 
United  Engineering  Society  Trueteee 

CHARLES  F.  RAND.t  JOSEPH  STRUTHERS,'  BENJAMIN  B.  THAYER.* 


Library  Board,  United  Engineering  Society 

KARL  EILERS,*  ALEX.  C.  HUMPHREYS.*  BRADLEY  8TOUGHTON. 

JOHN  HAYS  HAMMOND.!       E.  QYBBON  8PIL8BURY.« 


John  Fritz  Medal  Board  of  Award 

JAMES  F.  KEMP,>  ALBERT  8AUVEUR.* 

CHARLES  F.  RAND.«  E.  GYBBON  SPILSBURY.* 


Qenerai  Conference  Committee  of  Engineering  SodeHee 

BENJAMIN  B.  LAWRENCE.  J.  PARKE  CHANNINO. 

American  AeeodatUm  for  the  Adoancement  of  Science 

WALDEMAR  LINDQREN.  JOSEPH  B.  TYRRELL. 

Adneory  Board  of  the  National  Conaervation  Congreee 

HENRY  S.  DRINKER. 

Committee  on  Standardization  of  Oraphieal  Methode 

JUDD  STEWART. 

Second  Pan-American  Sdentific  Congreee 

HENNEN  JENNINGS,  W.  L.  SAUNDERS,  BRADLEY  STOUGHTON 

Committee  on  National  Reserve  Corps  of  Engineers 

HENRY  S.  DRINKER. 

Naval  Advisory  Board  on  Inventions 

WILUAM  L.  SAUNDERS,  BENJAMIN  B.  THAYER. 

Committee  on  Classification  of  Technical  Literature 

WILLIAM  P.  CUTTER. 


UntU  Feb..  1916.         *  Until  Feb..  1917.         •  Until  Feb.,  1918.        «  UniU  Feb.,  1919. 
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TECHNICAL  COMMITTEES 
Iron  and  Steel 

JOSEPH  W.  RICHARDS,  Chairmttn. 

J.  E.  JOHNSON.  Jb.,  F»0«>CA(i£niMA. 

ARTHUR  a  CALLEN,  atrUary,  453  Cbattnut  St..  So.  Bethl«h«m.  Pa. 

SUB-CoinCITTBSB 

IBON  OBH 

DWIGHT  E.  WOODBRIDGE,  C&atrmon. 

ERNEST  F.  BURCHARD.  WHXIAM  KELLY.  CHARLES  F.  RAND, 

FELIX  A.  VOOEL. 


WILLIAM  H.  BLAUVELT. 


BLAST  rURNAOBS 

H.  A.  BRA8SERT.  Chairman. 

AMBROSE  N.  DIEHL, 
RICHARD  V.  McKAY. 


JAMES  QAYLEY. 


GUILLIAEM  AERTSEN, 
FRANK  D.  CARNEY. 


ROBERT  W.  HUNT. 


STBBL  WOBKB 

HENRY  D.  HIBBARD.  Chairman, 

C.  F.  W.  RY8. 

A  A.  STEVENSON, 

MECHANICAL  TREATMENT 
CHARLES  A  BUCK.  Chairman. 


J.  S.  UNGER. 
WILLIAM  R.  WALKER. 


GEORGE  MESTA, 


FREDERICK  W.  WOOD. 


JOHN  H.  HALL. 


FOUNDRY 
RICHARD  MOLDENKE,  Chairman. 

ENRIQUE  TOUCEDA. 


HERBERT  M.  BOYL8TON. 
WILLIAM  CAMPBELL. 


GHBMISTBY,  PHTBIOB,  AND  MBTALLGGRAPBY 
ALBERT  SAUVEUR.  CAoiraMm. 

HENRY  M.  HOWE.  E.  GYBBON  SPILSBURY. 

JOHN  A.  MATHEWS.  LEONARD  WALDO, 

WILLIAM  R.  WEBSTER 


Petroleum  and  Ga$ 

ARTHUR  F.  L   BELL.  Chairman. 
WILLIAM  N.  BEST.  Vie»-Chairman.  DAVID  T.  DAY.  Vic^-Vhairman. 

WILLIAM  B.  PHIUJP8.  VUt-Chairman.  MARK  L.  REQUA.  F«M-CAatrma». 

LEONARD  WALDO.  Sterttary,  40  WaU  St.,  New  York.  N.  Y. 


RAI.PH  ARNOLD, 
FREDERICK  G.  CLAPP. 
EUGENE  COSTE. 
EDWIN  T.  DUMBLE. 
JOHN  R.  EDWARDS. 


C.  WILLARD  HAYES. 
PHILIP  W.  HENRY. 
HANS  VON  HOEFER. 
ISAAC  N.  KNAPP, 
ANTHONY  F.  LUCAS. 
EZEQUIEL  ORDONEZ, 

Coal  and  Coke 


FRANCIS  C.  PHILLIPS. 
WALTER  O.  SNELLING. 
CHESTER  W.  WA8HBURNE, 
WILLIAM  L.  WATTS, 
HERBERT  A.  WHEELER. 
WILLLAM  A.  WILLIAMS 


SAMUEL  A.  TAYLOR,  Chairman. 
EDWIN  LUDLOW,  V%e&-Chairman.  W.  J.  RICHARDS,  Vio^- Chairman. 

FREDERICK  W.  C.  WHYTE.  Viu-Chairman. 
WILLIAM  E.  FOHL.  StcrUary,  Farmon'  Bank  Bids.,  Pfttsburgh.  Pa. 


8.  B.  BELDEN. 
WILUAM  H.  BLAUVELT, 
H.  M.  CHANCE, 
THOMAS  H.  CLAGETT, 
ELI  T.  CONNER, 
FRANK  W.  DbWOLF. 
B.  V.  D'INVILLIERS, 
W.  W.  DUFFIELD. 
HOWARD  N.  EAVENSON. 
CHARLES  ENZIAN. 
WILLIAM  A.  FORBES, 
WILLIAM  H.  .GRADY, 
FRANK  HAAS, 


R.  DAWSON  HALU 
FRANK  A  HILL, 
FRANK  ALBERT  HILL, 
CHARLES  F.  HUBER, 
JAMES  ELL  WOOD  JONES, 
CHARLES  E.  KREBS, 
GEORGE  J.  KREBS 
A.  C.  LEISENRING, 
SPENCER  R.  LOGAN, 
EUGENE  MoAULIFFE, 


R.  V.  NORRIS. 
CHARLES  J.  NORWOOD. 
THOMAS  H.  O'BRIEN. 
FRANK  A.  RAY, 
GEORGE  S.  RICE. 
JOHN  J.  RUTLEDGE, 
CARL  8CH0LZ. 
JOHN  ROY  SHARP, 
T.  W.  8PRAGUE, 
ISRAEL  C.  WHITE, 


CHARLES  T.  MALCOLMSON,    WILLIAM  G.  WILKINS, 
FRANK  A  MANLEY.  LEWIS  L.  WILLARD. 

JOHN  P.  K.  MILLER, 


J 
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Precious  and  B<ue  MetdU 

CHARLES  W.  OOODALE.  Chairman, 
L.  D    RICKETTS.  Viee-Chairman.  ROBERT  C.  OEMMELL.  Viet-Chairman 

DAR8IE  C.  BARD.  Seernary,  Montana  Stata  Sohool  of  Mines.  Butte.  Mont. 

SUB-COMMITTBES 

COPPER 

EDWARD  P.  MATHEWSON.  ChMrman. 
W.  LAWRENCE  AUSTIN.  FREDERICK  LAIST,  FOREST  RUTHERFORD. 

JOHN  C.  GREENWAY,  C.  B.  LAKENAN.  ARCHER  E   WHEELER. 

LAFAYETTE  HANCHETT.  GEORGE  W.  METCALFE,         ALBERT  E.  WIGGIN 

L.  OGILVIE  HOWARD.  L.  D.  RICEJSTTS, 

GOLD  Ain>  8ILVBB 

F.  LYNWOOD  GARRISON.  Chairman 
F.  L.  B08QUI.  GEORGE  H.  CLEVENGER         WILLET  G.  MILLER. 

PHILIP  R.  BRADLEY,  HARRY  8.  DENNY.  CHARLES  H.  MUNRO, 

CHARLES  BUTTERS,  JOHN  V.  N.  DORR.  R.  M.  RAYMOND, 

ROBERT  C.  CANBY,  JAMES  W.  MALCOLMSON,        WHITMAN  SYMME8. 

ALLAN  J.  CLARK,  CHARLES  W.  MERRILL,  BULKELEY  WELLS. 

LBAD 

HBINRICH  O.  HOFMAN.  Chairman. 
LEONARD  S.  AUSTIN.  ERNEST  A.  HERSAM,  FREDERIC  R.  WEEKES 

JOHN  S.  CARNAHAN,  SIDNEY  J.  JENNINGS,  RUSH  J.  WHITE. 

ARTHUR  S.  DWIQHT.  FRANK  M.  SMITH.  C.  W.  WHITLEY. 

KARL  EILERa  WILLIAM  A.  SMITH.  WILLIAM  WRAITH. 

HARRY  A.  GUESS, 

SNO 

GEORGE  C.  STONE,  Chairman, 
a.  E.  BRETHERTON.  C.  A.  H.  DbSAULLES,  DORSEY  A.  LYON. 

GELASIO  CAETANI.  W.  McA.  JOHNSON.  OTTO  RISSMAN. 

C.  E.  SIEBENTHAL. 

lOBCBLLANBOnB  UWtAlB 

CHARLES  H.  FULTON.  Chairman. 
DAVID  H.  BROWNE.  ZAY  JEFFRIES,  WALTER  M.  STEIN, 

SIEGFRIED  FISCHER,  ROBERT  M.  KEENEY,  JOSEPH  STRUTHERS. 

FRANK  L.  HESS.  GEORGE  A.  PACKARD,  WILLIS  R.  WHITNEY. 

NoU'MetaUie  MinerdU 

HEINRICH  RIES.  Chairman. 
GEORGE  F.  KUNZ,  Vie^Chairman.  EDWARD  W.  PARKER.  Viee-Chairman. 

H.  J.  SEAMAN.  Viee-Chairman. 
WILLIAM  C.  PHALEN.  Secretary,  U.  S.  Geological  Survey,  Washington.  D.  C. 
CHARLES  P.  BERKEY.  F.  R.  HEWITT  WILLET  G.  MILLER, 

SAMUEL  W.  BEYER,  F.  C.  HOOPER  J.  D.  PENNOCK, 

H.  A.  BUEHLER,  C  COLCOCK  JONES.  WILLIAM  B.  PHILLIPS. 

FRANK  W   DbWOLF,  J.  K.  MrLANAHAN,  Jb.,  JOSEPH  HYDE  PRATT. 

R.  p.  GEORGE,  C.  G.  MEMMINGER.  KENNETH  SEAVER. 

FRANK  L.  HESS,  BENJAMIN  L.  MILLER,  THOMAS  L.  WATSON 

Mining  Oeohffy 

JAMES  F.  KEMP,  Chairman. 
JOHN  W.  FINCH,  Viee-Chairman.  R.  A.  F.  PENROSE,  Jb.,  Viee-Chairman. 

L.  C.  G RATON,  Secretary,  Harvard  Geologioal  Museum.  Cambridce.  Mass. 
RALPH  ARNOLD.  HENRY  LANDES.  JOSEPH  HYDE  PRATT, 

JOHN  M.  BOUTWELL,  ALFRED  C.  LANE,  HEINRICH  RIES, 

H.  A.  BUEHLER,  CHARLES  K.  LEITH,  RENO  H.  SALES, 

MARIUS  R.  CAMPBELL,  R.  V.  NORRIS.  WILLIAM  G.  SHARP, 

WILLIAM  H.  EMMONS.  EZEQUIEL  ORDONEZ,  HENRY  L.  SMYTH, 

F.  LYNWOOD  GARRISON,       WILLIAM  B.  PHILLIPS*  JOSIAH  E.  SPURR, 

M.  E.  WADSWORTH. 
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Mining  Method* 

ROBERT  M.  CATLIN,  Chairman. 
benjamin  F.  TILLSON.  Secrttary,  Franklin 
TRUMAN  H.  ALDRICH.  Jr.,  R.  C.  GEMMELL. 


HANS  C.  BEHR. 
R.  B    BRINSMADE, 
DOUGLAS  BUNTING. 
LOUIS  S.  GATES, 
CHARLES  CATLETT, 
FRED  W.  DENTON. 
STANLEY  A.  EASTON. 
JAMES  R.  FINLAY. 


JOHN  GILLIE, 
WILLIAM  L.  HONNOLD. 
JAMES  E.  JOPLING, 
ROBERT  A.  KINZIE. 
WILLIAM  H.  LEONARD. 
HENRY  LOUIS. 
JAMES  F.  MCCLELLAND. 
8EELEY  W.  MUDD. 


Furnace.  N.  J. 
JAMES  B.  RISQUE. 
MILNOR  ROBERTS, 
OSCAR  ROHN, 
HENRY  L.  SMYTH. 
BENJAMIN  W.  VALLAT. 
RUEL  C.  WARRINER. 
SAMUEL  D.  WARRINER. 
GEORGE  WEIR. 
DWIGHT  E.  WOODBRIDGE. 


MiUing  Methods 

ROBERT  H.  RICHARDS.  Chairman.  M. 

CHARLES  E.  LOCKE,  Secretary,  Man.  InBtitute  of 


EARL  S.  BARDWELL. 
H.  K.  BURCH, 
CHARLES  BUTTERS. 
GELASIO  CAETANI, 
WILLIAM  A.  CALDECOTT. 
JOHN  M.  CALLOW. 
CHARLES  A.  CHASE. 
DAVID  COLE. 
JOHN  V.  N.  DORR, 
ARTHUR  S.  DWIGHT, 


H.  A.  GUESS. 
H.  C.  HOOVER. 
HENRY  KRUMB. 
FREDERICK  LAIST. 
C.  B.  LAKENAN. 
W.  P.  LASS. 

CHARLES  W.  MERRILL, 
HENRY  S.  MUNROE, 
E.  H.  NUTTER. 
C.  Q.  PAYNE, 


K.  RODGERS.  Vice-Chairman. 
Technology,  Boston,  Mass. 

JOHN  B.  PORTER. 

LEWIS  G.  ROWAND. 

E.  A.  C.  SMITH. 

T.  B.  STEARNS, 

WALTER  G.  SWART. 

ARTHUR  THACHER. 

GEORGE  D.  VAN  ARSDALE. 

BULKELEY  WELLS. 

ALBERT  E.  WIGGIN. 

GEORGE  H.  WYMAN.  Jr. 


Mining  Law 

HORACE  V.  WINCHELL.  Chairman, 
CORNELIUS  F.  KELLEY.  Vice-Chairman.  CURTIS  H.  LINDLEY.  Vice-Chairman 

JOHN  W.  FINCH.  Secretary,  730  Symes  Bide..  Denver.  Colo. 


ALBERT  BURCH. 

J.  MURRAY  CLARK. 

WILL  L.  CLARK. 

C.  LORIMER  COLBURN, 

COURTENAY  DbKALB. 

CHARLES  W.  GOODALE, 


FREDERICK  T.  GREENE. 
EDWIN  O.  HOLTER. 
EDMUND  B.  KIRBY, 
MARK  L.  REQUA. 
GEORGE  W.  RITER. 


WILLIAM  SCALLON. 
CHARLES  H.  SHAMEL. 
FRANK  L.  SIZER. 
JOEL  F.  VAILE. 
WALTER  H.  WILEY. 


FRANCIS  O.  BLACKWELL. 
OZNI  P.  HOOD, 
JOHN  LANGTON. 


The  Use  of  Electricity  in  Mines 

WILLIAM  KELLY,  Chairman. 
THOMAS  H.  LEGGETT.  DAVID  B.  RU8HM0RE. 

FREDERICK  W.  O'NEIL.  SAMUEL  A.  TAYLOR. 

STEPHEN  H.  PITKIN.  HARRY  M.  WARREN. 

GEORGE  R.  WOOD. 


Safety  and  Sanitation 

ARTHUR  WILLIAMS,  Chairman, 
HOWARD  N.  EAVENSON.  Viee-Chairman. 
E.  MALTBY  SHIPP,  Secretary,  2  Rector  St..  New  York,  N.  Y. 


GEORGE  D.  BARRON, 
WILLIAM  L.  BELL, 
JAMES  L.  BRUCE, 
CHARLES  F.  CHANDLER, 
WILLIAM  L.  CLARK, 
GEORGE  G.  CRAWFORD, 
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I.  Primary  Mineralization 

1.  Introduction 

a.  Scope  of  Work. — The  first  part  of  this  paper  deals  with  the  country 

rock,  its  pegmatitic,  pneumatolytic,  and  hydrothermal  alterations;  also, 
the  effect  of  magnetite  on  the  deposition  of  the  primary  chalcopyrite  and 
pyrite. 
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The  second  part  of  the.paper  includes  a  detailed  account  of  the  proc- 
esses of  secondary  enrichment  which  have  been  effective  in  producing  the 
disseminated  ores.  While  both  parts  present  new  features,  it  is  hoped 
that  the  discussion  on  secondary  chalcopyrite  and  bornite  may  be  of  inter- 
est to  those  who  are  engaged  in  the  study  of  secondary  processes  in  other 
districts. 

The  excellent  work^  Economic  Geology  of  the  Bingham  Mining 
District,  by  J.  M.  Boutwell,  was  published  in  1905.  Since  that  time  the 
extensive  development  work — surface  cuts  and  underground  drifting — of 
the  Utah  Copper  Co.  has  made  possible  the  collecting  of  samples  for 
more  detailed  microscopic  study.  The  writer  has  taken  advantage  of 
this  fact  and  presents  the  following  work,  not  as  a  criticism,  but  as  a 
continuation  of  the  work  which  was  begun  by  Mr.  Boutwell. 

6.  Acknowledgments, — The  present  study  was  undertaken  at  the  sug- 
gestion of  Dr.  A.  F.  Rogers;  to  him,  and  to  Prof.  C.  F.  Tolman  and  Prof. 
S.  W.  Young,  the  writer  wishes  to  express  his  thanks  for  criticism  in 
the  preparation  of  this  paper. 

The  writer  also  expresses  his  thanks  to  D.  C.  Jackling,  Vice-President 
and  Managing  Director  of  the  Utah  Copper  Co.,  for  permission  to  pub- 
lish this  paper,  and  to  William  Spencer,  D.  W.  Wadleigh,  T.  S.  Carnahan, 
J.  A.  Caulfield,  Percy  Dayer,  and  Edward  Norsefall,  for  the  courtesies 
extended  to  him  while  a  co-worker  in  the  mines. 

c.  The  Bingham  Mining  District. — The  Bingham  mining  district  is 
situated  in  the  Oquirrh  Mountains,  18  miles  southwest  of  Salt  Lake  City, 
Utah.  The  productive  region  is  limited  to  an  area  of  about  15  square 
miles;  but  the  largest  producing  mines  are  included  in  an  area  of  about 
2  square  miles  in  the  southwestern  end  of  the  district. 

d.  General  Geology. — Since  the  general  geology,  maps,  sections,  and 
detailed  descriptions  of  the  different  types  of  ore  deposits  appear  in  Mr. 
Boutweirs  report,  the  writer  will  only  summarize  briefly  the  gen- 
eral geology,  emphasizing  certain  important  points  mentioned  by  Mr. 
Boutwell. 

The  sedimentary  section  exposed  in  this  district  embraces  several 
thousand  feet  of  massive  quartzite,  thin  interlaced  limestones,  and  cal- 
careous shales  of  the  Upper  Carboniferous  (Pennsylvanian)  age.  These 
sediments  have  been  cut  by  an  intrusive  quartz-monzonite  which  forms 
connected  irregular  dikes  and  masses,  in  a  strip  about  1  mile  wide  and  4 
miles  long,  extending  across  the  southern  corner  of  the  district  in  a  north- 
east-southwest direction. 

Bordering  the  quartz-monzonite  are  contact  deposits,  replacement 

*  J.  M.  Boutwell:  Economic  Geology  of  the  Bingham  Mining  District,  Utah. 
Professional  Paper  No.  38,  U.  S.  Geological  Survey  (1905). 

J.  M.  Boutwell:  Genesis  of  the  Ore-Deposits  at  Bingham,  Utah.     Trans.f  xxxvi, 
641  to  580  (1906), 
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deposits  in  the  limestone  lentils,  and  fissure  veins;  but  the  orebody  pro- 
ducing more  copper  than  the  combined  output  of  all  other  mines  in  the 
district  is  located  in  one  of  the  larger  masses  of  quartz-monzonite  and  is 
of  the  disseminated  type. 

€.  The  Utah  Copper  Mine. — In  the  mass  of  monzonite  porphyry,  lo- 
cally termed  the  Bingham  laccolite,  forming  the  larger  part  of  a  mountain, 
about  1,600  ft.  high,  between  Bingham  and  Carr  Fork  Canyon,  the  devel- 
opment work  of  the  Utah  Copper  Co.  has  proved  the  existence  of  an  enor- 
mous orebody.  A  description  of  this  property  and  its  development  is 
given  in  the  following  quotation,  from  a  report  issued  in  August,  1914:^ 

"The  orebody  of  the  Utah  CJopper  Ck).  consists  of  an  altered  siliceous  porphyry, 
containing  small  grains  of  copper  minerals,  very  uniformly  disseminated  throughout 
the  mass,  both  in  fracture  seams  and  in  the  body  of  the  rock,  averaging  about  1.5  per 
cent,  copper,  0.15  oz.  of  silver  and  0.015  oz.  of  gold. 

"  The  total  area  of  lode  mining  claims  in  Bingham  owned  by  the  Utah  Copper  Co.  is 
736  acres,  within  the  boundaries  of  which  development  has  shown  that  at  least  225 
acres  contain  mineralized  porphyry  q{  commercial  value.  The  entire  porphyry  area 
has  not  yet  been  developed;  and  the  maximum  thickness  of  the  orebody  in  the  225 
acres  has  not  been  fully  demonstrated,  but  the  existing  development  in  this  area 
shows  now  an  average  thickness  of  445  ft.,  which  is  equivalent  to  about  1,500,000  tons 
of  ore  per  acre,  or  a  total  of  about  361,220,000  tons.  In  making  the  calculations  to 
determine  the  tonnage  of  ore  and  its  average  assay,  there  were  used  50,761  assays, 
representing  23,465  ft.  of  diamond-driU  and  chumHdrill  holes,  285,913  ft.  of  drifts, 
raises,  and  winzes,  and  7,130  linear  feet  of  steam-shovel  cuts,  or  a  total  of  316,508 
linear  feet  of  development  work.  The  orebody,  as  at  present  developed,  has  a  maxi- 
mum length  of  a  little  over  one  mile  and  a  maximum  width  of  more  than  one-half 
mile.    Further  development  of  the  property  will  add  materially  to  its  ore  reserves." 

From  1906  to  1913  this  property  was  developed  on  a  large  scale  by 
steam-shovel  and  undergroimd  methods.  In  1913,  the  imdergroimd  work 
was  discontinued,  and  since  that  time  the  entire  production  has  been 
handled  with  the  steam  shovels. 

The  steam-shovel  output  has  increased  from  300  tons  of  ore  daily  in 
1906  to  22,000  tons  daily  in  1914.  At  present  21  steam  shovels  are  en- 
gaged in  the  development  work.  Some  of  the  shovels  are  working  in  ore 
and  others  are  removing  capping.  In  the  future  the  number  of  shovels 
working  in  the  ore  will  be  increased,  while  those  working  in  capping  will  be 
decreased;  thus  the  daily  production  will  gradually  increase  as  the  work 
proceeds. 

/.  Field  and  Laboratory  Work. — In  1912,  the  writer  was  employed  by 
the  Utah  Copper  Co.  for  six  months  as  underground  sampler,  and  in  the 
summer  of  1914  three  months  were  spent  on  the  surface.  During  this 
time  a  suite  of  about  300  specimens  was  collected.    This  collection  in- 


*  American  Institute  of  Mining  Engineers:  One  hundred  and  eighth  meeting,  Salt 
Lake  City,  Utah,  Aug.  10  to  14, 1914. 
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It^I  Frqcturea  in  mineral i zed  porphyry- 
hX:' :|<Sulphide  ardin^  ^hotvjng  distribution 


Plate  I 
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Ha7dcopynTe  WEpi  Jote        EZD  Orthoda^e  IHMognc/ifc 


THE   DISSEUIHATBD  COPPBB  OBE8  OF  BINQHAU  CANTON,   UTAH      2197 


A. — QuarU-MonsonitefromnearSUver  B. — QiuirU-M<mB(nul«  from  neu-  High- 
Shield  Mine.  X  10  diameters.  Ordinary  land  Boy  Mine,  X  20  diametere.  Orai- 
light.  muy  light. 


D. — High -Temperature     Quarts     Vein 
from  Commercial  Mine.     X  27  diam«ten. 
Croesed  niools. 
Platc  II 
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Z-^OrthociQse     | ^Ouorfz.  sec    I^B]  Ouarfz  pc/mSHBiotifelndoaior 

SSenciU         SBiotiTe  sec     |^T?ufile  jgg  0«irfi  «.c 

dulphides     EB.of,f«  prrm  E]  Zircon  [^1  HefexMe 


"^52^" 


MChaicpptjriUnBcorsllire.         ^B^Orthdclase[^  Senate 
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A. — Metasomatic  Replacementof  Feld  'B. — Chftlcopvrite  in  Altered  Ciyatal  of 

spar  Groundmaaa  by  Secondary  Quarti.  Biotite.     From  nand  specimen  B,  Plate  I. 

Mineralized  Quartz -Monionito.     X  8  di-  X  12   diameters    thin    BecUon.     Crossed 

ametora  tbin  section.    Crossed  nioola.  oicola. 


C. — Pjnite  Groins  in  Biotite,  Chalcocite,  D. — Enlargement  from  Same  Specimen 

Covellite,  alona  Cleavage  Planes.  Minei-  as  C,  showing  Chalcocite  as  Gcwbes  in 
allied  Quarti-MoDEonite.  X  Sldiametets  Biotite  Crystal.  X  100  diameters.  Pol- 
thin  section.    Ordinary  light.  ished  section. 

PuL-n  III 
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[  P^rite  m^  Chalcocjte       C3  Cove\\\U 

I  Cha/copi^nte  CZD  Borrute  [^  Seriate 
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A. — Covellite  Replacing  Chalcopyrite.  8. — Covellito  Replacing,  Chalcopy rite. 

Covellite  Ores,  Underground   Mine.     X      Ckivellite  Ores,   Underground   Mine.     X 
129   diameters.     Polished   section.  103  diameters.    Polished  section. 


■-  C. — ftrite,      Chalcopyrite,     Bontite.  D.— Pyrite,    Chalcopyrite,     Bomite, 

Covellite  Ores,  Underground  Mine.     X  86      Chalcocite,    Covellit«.     Covellite    Ores, 
diameters.     Polished  section.  X  55  diameters.    Polished  section. 

Flat*  V 
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]  Pijnte  ^  Cholcocite        |^  Sphalerite 

I  Choicopyrjre  HD  Bornite  g^  Ruonte 

Piara  VI 
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A. — Cholcopyrite  B«placing  Covellite.  B. — Chalcopyrite  Replacing  Covellite. 

CoveUit«   Ores.     X  96  diameUrs.     Pol-      Covellite  Oree.^'Xi212  diameters.     PoU 
ished  section,  ished  section 


C. — Chalcocita      Replacing      Bornite.  D. — Chalcocite   Replooing    Sphalerite. 

Covellite  Ores.     X    66  diameters.    Pol-      Covellite  Ores.     X    90   diameten.     Pol- 
ished section,  iahed  section. 
Platb  VI 
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S  Pifnte  dl  Chalcocite       |^  Melacomfe 

IChalcop^nle  [mBornite  Ei3  Molochite 


1^  rleloconife 
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The   Successive   sleps  m  the  rep]ocemeri+pf 
Cholcocite    by    the  copper-iron  sulphides  thus; 
Chatcoci+e(!T'Bloechalcoc(fe-Born(fc*Chalcopyrite. 


Cholcocite 
Blue-cholcoctte 


Ei*^  ©ornite 
■1^  Cholcopifnfe 
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Chalcopyrite  Replacing  Chalcocit«,  as  Borders  and  Parallel  Gashes,  showing  Partial 

to  Almost  Complete  Replacement. 
A. — Partial  Replacement  of  Chalcocite  by  Bomite   and  Chalcopyrite.      X    111 

diametere. 
B,  C. — Enlargements  of  A.     Chalcocite  Ores.     X  341  dlametera. 
D. — Primary  and  Secoodary  Chalcopyrite.     X  63  diametera. 
E. — Secondary  Cbalcopyrite  Replacing  Secondary  Bomite.     X  431  diameters. 
F. — Secondary  Chalcopyrite  almost  completely  Replacing  Bomite  and  Chalcocite. 

X  95  diameters. 

Plato  VIII 
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tir^lChalcopynte 


-""-I  Chalcoci'te 


I  <?*  I  Quartz^ 


^^Chalcopijnte      I      I  Covellite 


l^g^lC/yq/coc/Ze 


Platb  IX 
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d.— Synthetic  Chaleopyrite  Replacing  B. — Cynthetic  Chalcopyrite  Replacing 

Chalcocite.     X    fi7  diameters.     Polished      Bomit«  in  VeinletB  and  BorderinK  Quarts 
aectioD.  Grains.    X  51  diameters.  Poli^ied  section. 


C. — Synthetic  Chalcopyrite  Replacing  D. — Synthetic  Chalcopyrite  Replacing 

ChaJcocite  and  CoveUJte.     X  59dianieter8.      Covellite  and  Chalcocite.     X  SSdiameten. 
Polished  section.  Polished  section. 

Plate  IX 
Published  by  courtesy  of  Prof.  S.  W.  Young. 
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eludes  surface  and  underground  samples  of  the  quartz-monsonite  from 
many  parts  of  the  district  in  and  outside  the  area  of  mineralized  porphyry. 
From  a  selection  of  the  material  collected  the  writer  has  made  and 
studied — ^in  the  Laboratory  of  Economic  Geology  at  Stanford  Univer- 
sity— ^70  thin  sections  and  more  than  100  polished  sections,  with  the 
view  of  determining  the  possible  stages  through  which  the  copper  has 
passed  from  the  time  it  existed  in  the  earliest  magma  to  its  present  con- 
dition as  disseminated  copper  minerals,  enriched  by  secondary  processes. 

2.  The  Quartz-Manzonite 

The  quartz-monzonite  in  the  hand  specimen  is  usually  a  dark-gray, 
fine-grained,  or  light-gray  porphyritic  rock,  containing  locally  a  few 
exceptionally  large  phenocrysts  of  orthoclase — 3^  to  1  in.  long.  A  and  B, 
Plate  I,  are  photographs  (natural  size)  of  hand  specimens  of  the  miner- 
alized porphyry.  The  photographs  show  both  the  fine  and  coarse  tex- 
tures of  the  porphyry,  even  after  intense  silicification.  The  finely 
crystalline  porphyry — A — predominates  throughout  the  district;  but 
locally  the  coarse-textured  rock  may  be  present.  In  general,  thin 
sections  of  the  unaltered  quartz-monzonite  show  uniformity  in  mineral 
constituents  regardless  of  the  texture. 

The  chief  minerals  of  the  quartz-monzonite,  named  in  the  order  of 
their  abundance,  are  orthoclase,  and  plagioclase,  occurring  in  well- 
developed  phenocrysts  and  in  the  granular  groundmass;  biotite,  in 
phenocrysts  and  in  small  flakes;  augite,  often  surrounded  by  alteration 
rims  of  uralitic  hornblende  (A,  Plate  II),  and  interstitial  quartz. 

The  accessory  minerals  are  magnetite,  in  large  and  small  irregular 
grains,  and  rutile,  occurring  as  sagenite  webs  in  biotite.  Apatite  and 
zircon  are  present  in  very  small  well-formed  crystals. 

A  and  B,  Plate  II,  are  photographs  of  thin  sections  of  the  quartz- 
monzonite.  A  is  from  a  sample  collected  on  the  mountains  above  the 
Silver  Shield  mine;  B  is  from  an  outcrop  near  the  Highland  Boy  mine. 
These  localities  are  about  1  mile  apart  and  both  are  about  1  mile  from  the 
disseminated  ore  deposit.  In  A  the  plagioclase  is  more  prominent  than 
orthoclase;  while  in  B  orthoclase  is  the  chief  mineral  in  the  groundmass. 
The  illustrations  show  the  principal  minerals;  also  the  association  of 
biotite  with  magnetite. 

The  interesting  features  of  the  rock  are  the  association  of  biotite  with 
the  magnetite,  and  the  occurrence  of  interstitial  quartz. 

The  magnetite  is  present  in  larger  amounts  than  is  common  in  igneous 
rock  of  the  monzonitic  type.  It  occurs  as  large  and  small  anhedral 
grains,  often  in  biotite  crystals  or  surrounded  by  a  narrow  margin  of 
small  crystals  of  this  mineral.  A  careful  study  of  these  margins  shows 
that  they  have  assumed  their  present  position  later  than  the  solidification 
of  the  feldspar  groundmass.    There  are  two  possible  interpretations  of 
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this  phenomenon:  (1)  the  biotite  was  formed  by  a  reaction  between  the 
magnetite  and  certain  late  magmatic  products;  (2)  the  magnetite  is  of  a 
late  magmatic  period  and  is  replacing  the  biotite.  The  fact  that  the 
same  phenomenon  was  observed  in  slides  from  the  Sudbury  district  and 
was  evidently  caused  by  a  partial  replacement  of  the  biotite  by  the 
sulphides,  inclines  the  present  writer  to  favor  the  second  interpretation. 
In  either  case,  this  occurrence  of  biotite  and  magnetite  explains  the 
apparent  replacement  of  biotite  by  the  sulphides  in  the  hydrothermal 
period,  as  will  be  explained  later. 

The  interstitial  quartz  occurs  in  spaces  about  previously  formed 
crystals  and  was  the  last  silicate  mineral  to  solidify.  It  is  present  in  all 
slides,  but  usually  not  in  large  amounts.  However,  when  the  amount 
is  large,  certain  changes  take  place;  in  some. slides  the  phenocrysts  of 
feldspars  appear  to  have  been  attacked  and  changed  into  the  finer-grained 
granular  feldspars  of  the  groundmass,  while  the  augite  shows  alteration 
rims  of  hornblende.  A  further  concentration  of  this  quartz  in  the  form 
of  email  pegmatite  veins  produces  similar  changes  but  to  a  greater  degree. 

3.  The  Pegmatite  Veins 

Specimens  of  porphyry  from  the  Commercial  mine — outside  the  area 
of  mineralized  porphyry — contain  small  white  veinlets,  3^  in.  in  thick- 
ness, composed  of  quartz  and  feldspar  which  are  visible  to  the  naked  eye. 
The  large  amount  of  quartz  in  the  country  rook  gives  it  the  appearance 
of  a  granite  rather  than  of  the  typical  quartz-monzonite. 

Examination  of  the  thin  section  under  the  microscope  shows  an 
increase  in  the  interstitial  quartz,  accompanied  by  the  formation  of  a 
graphic  intergrowth  of  quartz  and  orthoclase,  as  shown  in  C,  Plate  II. 
This  intergrowth  occurs  on  the  edge  of  the  veinlet,  while  the  main  body  of 
the  vein  is  composed  of  irregular  grains  of  quartz  and  orthoclase.  The 
pyroxene  has  been  completely  changed  to  hornblende,  which  still  possesses 
some  of  the  petrographic  properties  of  the  original  pyroxene.  Biotite  has 
almost  completely  disappeared  and  epidote  is  present  instead.  Rutile  is 
absent  and  titanite  seems  to  have  taken  its  place.  The  magnetite  and 
P3a'ite  are  present  in  separate  and  connected  anhedral  grains  but  not  in 
amounts  that  would  indicate  a  considerable  addition  of  iron.  The  mag- 
netite appears  to  have  been  attacked  and  it  is  possible  that  hydrogen 
sulphide  was  responsible  for  the  change  of  magnetite  to  pyrite.  The 
polished  section  shows  the  presence  of  a  very  small  amount  of 
chalcopyrite. 

The  relation  between  the  pegmatite  and  the  high-temperature  quartz 
vein  was  not  apparent  in  the  field,  so  only  a  limited  number  of  specimens 
were  taken;  however,  the  similarity  in  the  mineral  constituents  suggests  a 
close  relation  between  the  two. 
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4.  The  High-Temperature  Veins 

A  sample  from  the  same  location  as  the  pegmatite  veins — according  to 
Lindgren's  Mineral  Classification — proved  upon  microscopic  examina- 
tion to  be  a  high-temperature  vein. 

The  vein  was  composed  of  massive  quartz  containing  a  considerable 
amount  of  metallic  sulphides.  A  narrow  strip  of  green  hornblende  sepa- 
rated the  quartz  and  the  country  rock. 

Examination  of  the  thin  section  showed  the  hornblende  strip  to  be 
composed  of  hornblende,  formed  from  pyroxene,  together  with  consider- 
able amounts  of  epidote,  titanite,  and  apatite.  The  main  body  of  the 
vein  is  composed  of  quartz  in  which  magnetite  and  pyrite,  with  a  small 
amount  of  chalcopyrite,  occur  in  such  relations  that  they  do  not  appear 
to  have  replaced  any  of  the  silicate  minerals  or  to  have  replaced  one 
another.  It  is  very  probable  that  they  assumed  their  present  form  upon 
the  solidification  'of  the  quartz. 

An  interesting  feature  of  the  quartz  is  that  many  of  the  crystals  are 
clear  in  the  center  but  in  the  outer  zone  contain  many  small  inclusions 
which  appear  to  be  apatite  and  zircon.  D,  Plate  II,  shows  the  contact 
between  the  hornblende  strip  and  the  quartz;  also  the  occurrence  of  the 
minerals  which  have  been  described. 

In  the  Silver  Shield  mine  and  also  in  the  Sulphide  mine,  near  the 
Highland  Boy,  samples  of  the  porphyry  near  certain  veins  showed  altera- 
tions similar  to  those  which  have  just  been  described,  except  quartz, 
titanite,  and  apatite,  which  were  practically  absent,  while  biotite  and 
epidote  were  both  present.  In  some  slides  the  biotite  and  pyroxene  were 
both  altering  to  chlorite. 

The  pyrite  and  chalcopyrite  are  not  magmatic  sulphides,  because 
secondary  quartz,  epidote,  or  other  minerals, — which  indicate  the  action 
of  mineralizers, —  are  present  in  the  same  slide. 

The  vein  minerals  and  rock  alterations  which  have  been  described 
are  common  in  the  high-temperature  veins,  in  the  quartz-monzonite,  in 
different  parts  of  the  district,  but  are  not  found  in  the  disseminated  ores; 
furthermore,  the  alterations  which  are  found  in  the  disseminated  ores  are 
characteristic  of  hydro  thermal  conditions;  thus  there  is  little  doubt  that 
the  disseminated  ores  were  deposited  by  heated  aqueous  solutions  rather 
than  under  gaseous  or  magmatic  conditions. 

The  pegmatite  and  the  high-temperature  quartz  vein,  from  the  Com- 
mercial mine,  may  be  considered  as  rock  extracts,  and  indicate,  to  a  cer- 
tain degree,  the  composition  of  the  mineralizers  which  were  active  during 
the  solidification  of  the  magma. 

The  processes  which  have  been  effective  in  the  formation  of  these 
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mineralizers  and  also  in  the  bringing  about  of  the  alterations  which  have 
been  described  are  clearly  given  in  the  following  words  by  Harker.' 

"Pneumatolytic  Action. — With  the  completion  of  crystallization  in  a  rock-magma 
the  contained  water  and  other  volatile  substances,  excepting  such  portion  as  has  been 
incorporated  in  some  of  the  crystallized  minerals,  must  be  disengaged.  Since  the 
critical  temperature  for  water  is  about  365  degrees  centigrade,  and  for  other  substances 
lower,  they  must  be  in  the  gaseous  state,  however  great  the  pressure  to  which  they  may 
be  subjected. 

"  The  active  r61e  of  the  volatile  constituents  does  not  terminate  with  the  completion 
of  the  crystallization.  Having  fulfilled  the  constructive  ofiice  of  mineralizers,  they 
now  enter  upon  a  new  activity  which  is  partly  of  a  destructive  kind.  As  cooling 
proceeds,  some  of  the  compounds  crystallized  at  higher  temperatures,  cease  to  be 
stable  in  the  presence  of  the  concentrated  gaseous  residuum,  and  are  decomposed  with 
the  production  of  new  minerals.  The  volatile  substances  themselves  may  or  may  not 
enter  into  the  composition  of  these  new  minerals,  but  in  general  they  do  so  to  a  greater 
extent  at  this  stage  than  during  the  magmatic  crystallization. 

"Pneumatolytic  action  in  plutonic  rocks  is  not  confined  to  their  pegmatoid  modi- 
fications. In  many  cases  it  clearly  follows  joint-fissures  in  the  body  of  the  rock, 
sufficient  proof  that  it  belongs  to  a  stage  distinctly  posterior  to  the  completion  of 
consolidation." 

At  lower  temperatures  these  gases  become  liquids  and  the  changes  due 
to  hydrothermal  activity  follow. 


5.  The  Early  Hydrothermal  Period 

The  early  part  of  the  hydrothermal  period  marks  the  most  important 
period  of  mineralization  in  the  disseminated  ores,  because  the  solutions 
in  thi^  period  caused  the  comparatively  uniform  dissemination  of  chal- 
copyrite  and  pyrite  in  an  area  more  than  1  mUe  long  and  in  some  places 
more  than  J^  mile  wide. 

Although  faulting  and  intense  fracturing  in  the  rock  are  widespread 
throughout  the  district  it  does  not  appear  that  in  the  disseminated  area  the 
early  mineral-bearing  solutions  were  confined  to  fractures  or  fissure  veins, 
but,  on  the  contrary,  these  solutions  have  caused  exceptionally  uniform 
distribution  of  fine-grained  secondary  quartz  and  sulphide  grains  through- 
out the  entire  mass  of  the  rock  in  large  areas. 

The  following  quotation  from  Mr.  BoutwelFs  report  describes  clearly 
the  mineralized  quartz-moDzonite  of  the  disseminated  ores  and  also  sug- 
gests the  possible  relation  between  the  magnetite,  chalcopyrite,  and 
pyrite. 

"A  specimen  of  highly  altered  monzonite  has  lost  the  dark  color  and  compact  body 
and  shows  instead  a  dull,  light  gray  color,  a  slightly  porous  structure,  and  abundant 
quartz  in  veinlets  and  blotches  upon  the  walls  of  parting  planes.  Conspicuous  areas 
of  granular  quartz  are  numerous,  the  orthoclase  is  highly  sericitized  and  f emic  minerals 


« Alfred  Barker:  The  NatUTQl  History  of  Igneous  Rocks,  p.  2W  (1909). 
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are  represented  by  numerous  irregular  patches  of  small  individuals  or  flakes  of  dense 
brown  biotite.  The  quartz  and  sericite  are  clearly  secondary  and  though  no  direct 
proof  of  the  age  of  the  biotite  has  been  found,  it  resembles  secondary  biotite  and  may 
be  secondary  also.  Magnetite,  excepting  occasional  grains,  has  disappeared,  and  large 
amounts  of  chalcopyrite  and  pyrite  are  present  in  the  form  of  rounded  grains,  chains, 
and  veinlets  embedded  in  secondary  quartz,  flaky  biotite,  and  sericitized  feldspar. 

'^The  observed  stage  of  metasomatic  alteration  of  magnetite,  culminating  in  the 
occurrence  of  minute,  ill-defined  cores  of  magnetite  without  secondary  sulphides  and 
finally  in  the  total  disappearance  of  magnetite,  indicates  one  source  of  iron  of  the 
chalcopyrite  and  pyrite.  Additional  iron  was  doubtless  derived  from  original  augite 
and  biotite.  Any  additional  sulphur  which  may  have  been  required  was  probably 
supplied  from  without,  perhaps  in  the  form  of  sulphurous  gases." 

The  alterations  just  described  and  the  conclusions  drawn  in  this  quo- 
tation are  in  harmony  with  the  present  paper. 

A  detailed  study  indicates  that  the  first  alterations  were  as  follows: 
The  feldspar  groundmass  in  large  areas  of  the  quartz-monzonite  has 
suffered  complete  metasomatic  replacement  by  a  very  fine-graiiied 
secondary  quartz,  the  feldspar  phenocrysts  have  been  partly,  and  in 
some  cases  completely,  replaced  by  this  secondary  quartz;  but  in  spite  of 
this  intense  siUcification  some  of  the  remaining  feldspar  fragments  are 
perfectly  fresh  and  free  from  sericite,  while  others  have  varying  amounts, 
which  may  have  been  formed  later  than  this  period.  The  sericite  which 
is  present  in  the  slides  showing  the  least  amount  of  this  mineral  is  con- 
fined to  the  feldspars  and  does  not  replace  the  secondary  quartz.  There 
are  two  possible  explanations  for  the  small  amount  of  sericite:  (1)  sec- 
ondary biotite  may  have  been  formed  instead  of  sericite;  (2)  the  amount 
of  carbon  dioxide  in  the  first  period  of  mineralization  was  either  small  or 
inactive. 

1.  In  the  mineralized  monzonite  least  affected  by  sericitization  there 
are  usually  large  amounts  of  sipall  green  and  brown  crystalline  aggregates 
of  secondary  biotite.  This  biotite  may  have  formed  instead  of  sericite 
because  of  the  excess  of  iron  present,  part  of  which  was  probably  in  the 
form  of  more  or  less  complex  molecules  which  formed  in  the  break-down 
from  the  original  augite,  which  in  this  altered  rock  has  completely  dis- 
appeared, leaving  no  direct  evidence  as  to  its  alteration  products.  In 
this  case  the  secondary  biotite  may  have  the  formula  of  sericite  in  which 
part  of  the  aluminum  has  been  replaced  by  iron,  giving  the  formula 
AUFeCSiOOsKHj,  described  by  Clarke.*  However,  in  many  slides  the 
secondary  biotite  is  clearly  derived  from  the  primary  biotite — J5,  Plate  III, 
which  is  broken  up  into  smaller  crystals,  many  of  which  are  still  oriented 
in  parallel  position  in  the  space  occupied  by  the  primary  crystal,  and  prob- 
ably have  the  same  relation  to  the  primary  biotite  as  sericite  has  to 
muscovite. 

4F.  W.  Clarke:  The  Constitution  of  the  Natural  Silicates,  BiOMn  No.  588, 
U.  S.  Oeological  Survey,  p.  51  (1914). 
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2.  The  formation  of  sericite  often  assumes  the  presence  of  carbon  diox- 
ide; its  formation  from  ofthoclase  may  be  represented  by  the  following 
equation:* 

3KAlSiO,Oi  +  CO,  +  H,0  -  KH,Al,(Si04)i  +  K,CO,  +  6SiO, 

OrthodaM  Carbon    Water  Seridte  Potaarium     Quarts 

dioxide  carbonate 

In  the  early  hydrothermal  period  the  amoimt  of  carbon  dioxide  was 
either  small  or  in  the  presence  of  the  other  components  of  the  solution  it 
was  not  efifective  in  producing  sericitization.  Lindgren  in  speaking  of 
volcanic  gases  says:^ 

''Among  the  volcanic  gases  nitrogen,  carbon  dioxide,  and  hydrogen  sulphide  are 
the  most  important  and  their  emission,  particularly  that  of  carbon  dioxide,  may  con- 
tinue long  after  the  igneous  activity  has  subsided.  .  .  .  Evidence  of  this  is  furnished 
hy  the  exhalations  of  carbon  dioxide  and  nitrogen  in  the  mines  at  Cripple  Creek,  of 
nitrogen  at  Creede,  and  of  carbon  dioxide  in  the  Tertiary  gold  deposits  of  New 
Zealand." 

The  alterations  in  the  disseminated  ores  give  strong  evidence  that 
sericitization  for  the  most  part  has  been  effective  after  the  formation  of  the 
fine-grained  secondary  quartz  and  also  after  the  deposition  of  the  dis- 
seminated primary  sulphides,  for  in  many  of  the  slides  the  feldspars  are 
completely  replaced,  and  small  lath-shaped  crystals  of  sericite  penetrate 
into  the  chalcopyrite  (A  and  B,  Plate  V),  but  seldom  into  the  pyrite 
grains;  thus  the  sericite  which  is  present  in  the  slides  showing  the  least 
amount  of  this  mineral  is  probably  of  a  later  period  than  the  first  alteration. 
The  author  favors  the  second  explanation. 

The  replacement  of  the  sulphides  by  sericite  was  first  described  by 
Rogers  in  a  magmatic  ore  deposit  in  Plumas  County,  Cal.^  The  occur- 
rence in  Bingham  presents  a  parallel  case. 

A,  Plate  III,  is  a  microphotograph  showing  the  irregular  cross* 
sections  of  comparatively  fresh  feldspar  phenocrysts  imbedded  in  a 
groundmass  of  fine-grained  secondary  quartz.  The  accompanying 
outline  plate — drawn  from  the  slide — shows  the  distribution  of  the 
secondary  biotite  and  also  the  other  minerals  which  are  present  in  the 
rock  containing  the  least  sericite. 

The  sagenite  webs  of  rutile  may  still  be  seen  in  the  fragments  of 
primary  biotite,  but  as  the  alteration  proceeds  these  crystals  separate  out 
in  small  crystalline  aggregates  and  in  larger  crystals  which  are  evidently 
formed  by  recrystallization. 

»F.  W.  Clarke:  The  Data  of  Geochemistry,  Bulletin  No,  491,  U.  S.  Geological 
Survey,  p.  612  (1911).    . 

*  Waldemar  Lindgren:  Mineral  Deposita,  p.  445  (1913). 

'  H.  W.  Turner  and  A.  F.  Rogers:  A  Geologic  and  Microscopic  Study  of  a  Mag- 
matic Copper  Sulphide  Deposit  in  Plumas  County,  California,  and  Its  Modification 
by  Ascending  Secondary  Enrichment.  Economic  Geology,  vol.  ix.  No.  4,  p.  386 
(June,  1914). 
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The  pyroxene  and  hornblende  have  completely  disappeared.  Oc- 
casionally in  the  porphyry  outside  of  the  mineralized  areas  magnetit'e 
appears  to  form  when  the  pyroxene  is  undergoing  alteration;  it  is  there- 
fore probable  that  some  of  the  iron  present  in  the  sulphides  was  derived 
from  this  source. 

Zircon  and  apatite  are  more  noticeable  than  in  the  unaltered  mon- 
zonite,  but  are  probably  unaltered  minerals  which  were  present  in  the 
original  rock. 

Magnetite  has  almost  completely  disappeared  and  in  its  place  there 
are  chalcopyrite  and  pyrite,  the  distribution  of  which  bears  a  striking 
similarity  to  that  of  the  magnetite  in  the  unaltered  quartz-monzonite. 

.Occasionally  pyrite  or  chalcopyrite  occurs  in  altered  crystals  of  the 
primary  biotite  in  such  a  way  that  the  replacement  of  biotite  by  the 
sulphides  is  suggested.  By  Plate  III,  is  a  good  example  of  this  apparent 
replacement,  but  it  will  be  noted  here  that  a  small  crystal  of  secondary 
biotite,  showing  no  signs  of  replacement,  is  present  as  an  inclusion  in  the 
sulphide.  These  inclusions  are  not  uncommon  in  grains  of  chalco- 
pyrite and  occasionally  in  pyrite.  In  some  slides  the  secondary  biotite 
cuts  the  sulphide  grains  and  also  the  secondary  quartz  in  such  a  way  as  to 
indicate  that  it  is  later  than  either.  Considering  the  fact  that  secondary 
biotite  is  present  in  such  large  amounts  forming  simultaneously  with  and 
probably  following  the  deposition  of  the  sulphides,  it  is  not  reasonable  to 
suppose  that  the  biotite  has  been  replaced  by  the  sulphides. 

The  only  conceivable  way  in  which  the  sulphides  could  have  been  so 
evenly  distributed,  in  a  deposit  of  hydrothermal  origin,  would  have 
been  through  the  medium  of  a  precipitating  agent  which  was  itself  dis- 
seminated throughout  the  original  quartz-monzonite.  This  precipitating 
agent  was  evidently  confined  to  the  quartz-monzonite  because  in  the 
quartzite,  which  has  been  silicified  by  the  action  of  the  same  solutions  as 
have  produced  silicification  in  the  quartz-monzonite,  there  is  at  most  only 
a  narrow  margin  which  is  mineralized. 

In  the  Physical  Chemistry  Laboratory  of  Stanford  University  recent 
work  has  shown  that  alkaline  solutions  charged  with  hydrogen  sulphide, 
alone  or  in  the  presence  of  carbon  dioxide,  under  pressure  are  capable 
of  carrying  considerable  amounts  of  metallic  sulphides  in  colloidal 
suspension;  furthermore,  upon  the  escape  of  hydrogen  sulphide  the 
metallic  sulphides  are  precipitated.  A  discussion  of  the  experiments 
together  with  the  geologic  evidence  supporting  these  results  appears  in  a 
recent  paper  by  Tolman  and  Clark.^ 

In  C,  Plate  III,  the  sulphides  appear  along  the  cleavage  planes  of  the 
primary  biotite.    The  polished  section  D,  Plate  III,  highly  magnified, 

'  C.  F.  Tolman,  Jr.,  and  J.  D.  Clark:  The  Oxidation,  Solution,  and  Precipitation  of 
Copper  in  Electrolytic  Solutions,  etc.  Economic  Geology ^  vol.  ix.  No.  6,  pp.  659  to  592 
(Sept.,  1914). 
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shows  the  sulphides  in  the  biotite  to  be  P3rrite  in  small  grains,  and  covel-. 
lite  and  chalcocite  replacing  the  primary  chalcopyrite  which  was  deposited 
in  small  gashes  along  the  cleavage  planes  of  the  primary  biotite.  Occur- 
rences of  this  kind  are  rare  but  they  certainly  suggest  a  precipitating 
agent  within  the  biotite. 

Comparison  of  C,  Plate  III,  with  B,  Plate  II,  shows  the  similarity  in 
the  occurrence  of  pyrit^  in  biotite — in  the  mineralized  area — ^to  that  of 
magnetite  in  biotite  in  the  imaltered  monzonite.  Occurrences  of  this 
kind  together  with  the  similarity  in  the  distribution  of  magnetite  in  the 
unaltered  rock,  and  the  sulphide  in  the  mineralized  monzonite,  furnish 
good  evidence  that  the  magnetite  is  responsible  for  the  precipitation  of 
the  sulphides,  and  also  explain  the  apparent  replacement  of  biotite  by 
pyrite  and  chalcopyrite. 

The  following  equation,  though  experimental  work  tends  to  prove  it,* 
is  given  merely  to  suggest  the  possible  reactions  which  have  taken  place 
in  the  heated  alkaline  solutions  carrying  the  copper  and  probably  some 
iron  as  colloidal  sulphides: 

4H8S  +  2CuS  +  Fe,04  =  2CuFeS,  +  FeSj  +  4H2O 
Hydrogen  Cuprio    Magnetite   Chalcopyrite     Pyrite      Water 
sulphide   sulphide 

CuS  is  used  here  merely  to  balance  the  equation,  but  another  copper  or 
copper-iron  sulphide  could  be  substituted. 

In  the  foregoing  equation  the  removal  of  hydrogen  sulphide  from  the 
solution  and  the  formation  of  the  less  soluble  sulphides  chalcopyrite  and 
pyrite,  have  both  been  factors  in  the  precipitation.  Magnetite  has  fur- 
nished iron  for  both  chalcopyrite  and  pyrite,  but  there  may  have  been  an 
addition  of  iron  at  this  time. 

Another  possibility  is  that  the  change  of  magnetite  to  pyrite  by  the 
action  of  hydrogen  sulphide — proved  experimentally  by  Doelter^®  and 
others — has  removed  hydrogen  sulphide  from  the  solution^  thus  causing 
the  precipitation  of  chalcopyrite  directly.  In  either  case  there  has  evi- 
dently been  a  molecular  rearrangement  of  the  iron,  because  biotite  inclu- 
sions are  present  in  both  pyrite  and  chalcopjrrite. 

In  many  of  the  slides  and  polished  sections  chalcopyrite  and  pyrite 
occur  in  separate  grains  in  such  a  way  as  to  indicate  that  the  pyrite  has 
not  been  replaced  by  chalcopyrite — for  instance,  in  a  certain  area,  say 
there  are  12  sulphide  grains;  five  may  be  composed  wholly  of  pyrite,  two 
of  pyrite  with  a  partial  border  of  chalcopyrite,  and  five  of  solid  chal- 


•  Prof.  S.  W.  Young.  Personal  communication:  When  chalcocite  or  covellite  and 
magnetite  are  placed  in  the  same  test  tube  in  slightly  acid,  alkaline,  or  neutral  solu- 
tions in  the  presence  of  hydrogen  sulphide  under  pressure  the  chalcocite  or  covellite 
is  rapidly  coated  with  chalcopyrite  and  the  magnetite  is  probably  changed  to  pyrite. 

"  P.  W.  Clarke:  The  Data  of  Geochemistry,  Bulletin  No.  491,  U.  S,  Geological 
Survey,  p.  317  (1911). 
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cop3rrite,  without  any  cores  or  residual  fragments  of  pyrite  in  the  chal- 
cop3rrite.  These  grains  have  no  special  arrangement  with  respect  to 
veinlets  or  parting  planes  in  the  rock.  Occurrences  of  this  kind  are 
considered  evidence  that  in  certain  parts  of  the  deposit  chalcopyrite 
does  not  replace  pyrite.  Ores  from  the  "Pit"  do  show  a  replacement 
of  pjrrite  by  chalcopyrite;  this  will  be  discussed  later.  After  considering 
other  evidence  it  is  not  at  all  impossible  that  chalcopyrite  and  P3rrite 
were  formed  in  many  parts  of  the  deposit  at  about  the  same  time. 
Where  chalcopyrite  and  probably  a  small  amount  of  bomite  appear 
with  but  little  P3rrite  it  is  simply  due  to  solutions  richer  in  copper  than 
those  which  have  formed  p3rrite  with  less  chalcopyrite  and  the  direct 
change  of  magnetite  to  pyrite  has  taken  place. 

It  is  true  that  the  rocks  in  all  parts  of  the  district  are  intensely  shat- 
tered, but  the  uniformity  in  the  distribution  of  the  fine-grained  secondary 
quartz  throughout  the  mass  of  mineralized  monzonite  would  suggest  that 
if  these  fractures  existed  they  were  extremely  small  under  the  great  pres- 
sure at  depth.  Outline  Plate  I,  made  from  the  photographs  and  polished 
sections,  natural  size,  shows  the  distribution  of  the  sulphide  grains  with 
reference  to  the  small  fractures. 

The  precipitation  of  sulphides  in  the  way  which  has  just  been  described 
favors  a  great  vertical  range  for  the  deposition  of  the  chalcopyrite  and 
pyrite.  The  present  development  work  of  the  Utah  Copper  Co. — surface 
and  deep  drilling — has  proved  this  range  to  be  a  minimum  of  2,500  ft. 

6.  The  Late  Hydrothennal  Period 

The  late  hydrothermal  period  is  probably  a  continuation  of  the  early- 
period,  occurring  after  a  more  intense  fracturing  and  faulting  throughout 
the  district.  Although  this  period  was  probably  an  important  one  in  the 
mineralization  of  the  lower-temperature  replacement  deposits  and  fissure 
veins  bordering  the  monzonite,  it  has  been  of  less  importance  in  the  dis- 
seminated deposit,  because  in  the  disseminated  ores  the  small  veinlets, 
though  quite  numerous,  seldom  exceed  2  or  3  in.  in  thickness  and  are 
never  included  in  the  regular  mine  samples.  With  these  sulphides,  covel- 
lite  or  chalcocite  is  generally  present  in  such  amounts  that  it  is  not  possi- 
ble to  determine  with  certainty  the  order  of  formation  of  the  different 
minerals. 

Molybdenite  is  common  as  very  thin  coatings  on  slickensides  and 
parting  planes  in  the  porphyry.  This  mineral  is  usually  formed  at  high 
temperature  and  may  have  been  formed  in  the  early  hydrothermal  period. 

Enargite,  sphalerite,  and  galena  are  rare.  To  the  writer's  knowledge 
there  are  only  four  places  in  the  entire  area  of  mineralized  porphyry  where 
these  minerals  are  found  in  veinlets. 

Typical  examples  of  some  of  the  small  veinlets  together  with  enlarge- 
ments from  their  polished  sections  are  shown  in  A,  B,  C,  and  D,  Plate  IV. 
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The  alterations  accompanying  and  following  this  later  period  of  min* 
eralLsation  have  been  silicification  and  sericitization  along  the  parting 
planes  in  the  rock.  The  intense  silicification  usually  extends  not  more 
than  an  inch  on  either  side  of  the  veinlets  in  the  black  porphyry,  but  in 
the  workings  of  the  imderground  mine,  located  below  the  top  of  the 
mountain,  a  strip  of  monzonite  about  200  ft.  thick,  bordering  the  quartz- 
ite,  has  been  so  intensely  silicified  and  sericitized  as  to  produce  a  light- 
colored  rock  which  has  been  thought  to  be  a  separate  intrusive  mass. 
This  light-colored  rock  is  locally  termed  the  "Payroll  porphyry,"  after 
the  Payroll  group  of  claims,  and  hereafter  will  be  called  by  that  name. 
The  Payroll  porphyry  outcrop  forms  the  top  of  the  mountain,  where  its  . 
resistance  to  weathering  has  governed  the  topography  to  a  considerable 
degree. 

The  light  color  and  the  small  brown  specks  visible  to  the  naked  eye  in 
the  hand  specimen,  serve  to  distinguish  the  Payroll  from  the  "Black" 
porphyry — altered  quartz-monzonite  containing  a  large  amount  of  pri- 
mary and  secondary  biotite. 

Examination  of  thin  sections  of  Payroll  porphyry  proves  beyond  doubt 
that  it  is  the  same  porphyry  as  the  darker  quartz-monzonite,  which  it 
grades  into  without  a  well-defined  contact.  The  light  color  is  due  to  the 
large  amount  of  quartz  and  sericite,  while  the  brown  spots  are  shown  to 
be  small  aggregates  of  rutile  crystals  occurring  in  bleached  biotite  or  in 
the  spaces  once  occupied  by  the  primary  biotite  crystals. 

While  the  later  period  may  not  have  been  important  as  one  of  miner- 
alization, the  sericitization  in  this  period  has  been  of  great  importance  in 
increasing  the  porosity  of  the  rock,  in  the  Payroll  porphyry  throughout 
the  entire  mass,  and  in  the  Black  porphyry  along  numerous  small  frac- 
tures in  the  rock,  thus  promoting  uniform  enrichment  by  surface  waters. 

II.  Secondary  Enrichment 

1.  AiUhor's  Note 

In  the  following  pages  the  term  secondary  will  be  used  in  the  sense  of 
changes,  alterations,  and  enrichment  caused  by  descending  surface  waters 
or  solutions. 

The  reader  will  keep  in  mind  that  the  photographs  of  the  polished 
sections  in  this  paper,  as  in  most  of  the  recent  papers,  show  areas  which  in 
the  natural  size  are  extremely  small  (compare  sulphide  grains,  Plate  I,  ' 
with  enlarged  grains,  Plate  V,  etc.)  and  thus  the  replacements  shown  are 
on  a  very  small  scale. 

The  conventional  design  on  the  outline  plates  indicating  a  certain  min- 
eral has  been  retained  for  that  mineral,  so  far  as  possible,  in  all  of  the  plates. 
The  drawings  have  been  made  from  the  photographs  and  also  by  the  use 
of  the  microscope  and  are  therefore  accurate.    No  attempt  has  been  made 
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to  show  the  different  silicate  minerals  bordering  the  sulphide  grains  in 
the  polished  section,  because  determination  of  these  minerals  by  reflected 
light  is  at  best  only  a  guess.  In  this  paper  determinations  of  silicate 
minerals  have  been  made  in  thin  sections.  In  the  thin  section  the  sul- 
phide grains  are  usually  surrounded  by  iSne-grained  secondary  quartz 
(shown  in  A,  Plate  III),  small  flakes  of  green  and  brown  biotite,  and  in 
most  of  the  specimens  a  large  amount  of  sericite  is  present. 

2.  Factors  Governing  Enrichment 

The  principal  factors  governing  the  enrichment  of  the  disseminated 
copper  ores  in  Bingham  Canyon  are  as  follows: 

(a)  The  intense  fracturing  of  the  rock  has  formed  numerous  channels, 
affording  uniform  circulation  of  surface  waters.  A,  Plate  I,  shows  this 
fracturing,  also  faulting  on  a  small  scale.  Often  it  is  difficult  to  obtain 
hand  specimens  of  the  ordinary  size  without  many  small  fractures  running 
through  them. 

(6)  Sericitization  has  increased  the  porosity,  and  thus  the  permeability 
to  surface  waters,  along  the  fractures  and  in  large  areas  throughout  the 
entire  mass  of  the  rock. 

(c)  Erosion  has  taken  place  more  rapidly  than  oxidation  because,  as 
the  canyons  have  been  cut  on  each  side  of  the  mountain,  rather  steep  soil- 
covered  slopes  have  been  formed;  the  impermeability  of  these  slopes  has 
caused  a  large  part  of  the  surface  water  to.run  down  the  mountain  side,  or 
soak  into  the  soil  for  only  a  short  distance;  thus  only  the  water  from  heavy 
precipitations — rain  water  or  that  from  thawing  snow — has  passed  down 
through  the  rocks.  Oxidation  has  been  slow,  and  only  a  comparatively 
thin  blanket  of  oxidized  leached  capping  covers  the  orebody.  Variation 
in  the  thickness  of  the  capping  is  governed  by  the  topography  of  the  moun- 
tain and  the  permeability  of  the  rock. 

(d)  In  recent  geologic  periods,  at  least,  the  elevation  of  the  dissemi- 
nated ores  has  been  high — at  present  about  7,300  ft. ;  therefore  cold  win- 
ters and  warm  summers  have  doubtless  governed  to  a  certain  degree  the 
rate  of  oxidation. 

3.  The  Enrichment 

The  occurrence  of  the  two  principal  secondary  copper  minerals  divides 
the  enrichment  of  the  disseminated  ores  into  two  different  types:  (1) 
where  covellite  is  more  abundant  than  chalcocite;  (2)  where  chalcocite  is 
more  abundant  than  covelUte.  Although  the  ores  of  these  two  types 
blend  into  each  other  they  are  still  distinct  enough  to  be  taken  up  under 
separate  headings. 

The  greatest  depth  to  which  the  enrichment  extends  is  about  800  ft. 
below  the  surface,  but  the  average  thickness  of  the  entire  known  orebody 
is  445  ft.,  and  it  is  covered  by  an  average  thickness  of  capping  of  114  ft. 
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4.  The  CoveUite  Enrichment 

The  ore  in  which  covellite  is  the  most  important  secondary  mineral  is 
located  below  the  top  of  the  mountain  and  upper  levels.  A  rough  bound- 
ary might  be  taken  £o  include  the  surface  and  underground  ore  above 
Sub-level  5  of  the  underground  mine,  as  shown  on  the  longitudinal  section, 
Fig.  1. 

In  the  sununer  of  1914  the  writer  spent  three  months  working  on  the  R 
level.  Observations  made  here  will  hold  good  for  the  levels  from  the  top 
of  the  mountain  to  a  number  of  levels  below  R. 

The  steam  shovels  and  drills  along  ,some  of  these  levels  are  working 
part  of  the  time  in  ore  and  part  of  the  time  in  capping;  thus  a  good  oppor- 
tunity is  afforded  for  studying  both. 

(a)  The  Capping  above  the  Covellite  Ores, — The  capping  is  usually 
composed  of  several  feet  of  soil  and  50  to  100  ft.  of  leached  porphyry.  The 
leached  rock  is  colored  with  the  characteristic  browns  of  the  iron  ores. 
Near  the  soil  the  brown  color  is  lighter,  but  passing  downward  it  shades 
into  a  darker  brown  imtil,  in  a  transition  zone  of  a  few  feet,  the  rock 
assumes  the  dark-gray  color  of  the  ore.  When  the  bank  is  freshly  broken 
by  a  blast  these  colors  are  most  noticeable;  after  a  few  days  the  moisture 
dries  out,  and  the  brown  fades,  but  the  gray  appears  wet,  due  to  the  pres- 
ence of  sulphuric  acid,  together  with  copper  and  iron  salts.  A  short 
time  after  this  surface  is  exposed  a  greenish  stain  appears  on  the  gray  rock, 
extending  from  6  to  20  ft.  below  the  brown,  and  in  the  course  of  a  few 
days  the  evaporation  of  moisture  causes  a  thin  coating  of  copper  sulphate 
crystals  to  form. 

On  the  R  level  a  churn  drill  was  used  to  drill  6-in.  holes  for  blasting 
purposes.  The  holes  were  drilled  along  the  edge  of  the  bank,  40  ft.  apart, 
and  to  an  average  depth  of  45  ft.  While  drilling  in  the  brown  capping  the 
bit  was  scoured  and  clean,  but  when  working  near  the  contact  of  the  ore 
green  spots  appeared  on  it,  and  in  the  ore  just  below  the  surface  or  brown 
capping  it  was  often  covered  with  a  visible  coating  of  copper. 

The  latter  is  remarkable  because  while  the  drill  was  in  operation  the 
scouring  action  of  the  grit  in  the  slime  would  prevent  the  formation  of  this 
coating;  therefore  it  must  have  been  formed  between  the  stopping  and 
the  hoisting  of  the  bit,  which  at  most  was  not  more  than  4  or  5  min.,  thus 
indicating  a  fairly  concentrated  solution  of  copper  sulphate.  ^^ 

In  general,  the  observations  point  to  the  fact  that  during  the  warm 
dry  months  of  the  summer,  when  the  rock  is  moistened  only  by  an  occa- 
sional shower,  oxidation  is  rapid  and  the  iron  and  copper  sulphates, 


^^  It  must  be  understood  that  this  rock  was  only  slightly  moist,  but  while  driUing 
enough  water  was  poured  into  the  hole  to  make  a  fluid  slime  and  the  copper  sulphate 
was  dissolved  in  this  water. 
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together  with  sulphuric  acid,  accumulate  in  considerable  amounts  just 
below  the  capping. 

The  water  from  the  iSrst  heavy  precipitation,  percolating  through  the 
rocks,  dissolves  the  accumulated  salts,  producing  a  more  concentrated 
solution  than  those  which  follow  for  some  time.  In  regions  similar  to 
Bingham,  where  the  snow  lies  on  the  mountains  for  a  number  of  months 
during  the  winter,  oxidation  may  be  slow  during  the  cold  weather  and 
thus  the  solutions  which  pass  down  through  the  rocks  will  be  almost 
barren  of  copper  and  iron  salts — possibly  until  about  the  same  time  in  the 
next  year.  In  this  case  it  would  be  remarkable  if  the  periodic  solutions 
were  always  of  uniform  acidity  and  always  carried  the  same  amoimts  of 
copper  and  iron  sulphates  in  solution. 

If  the  secondary  minerals  showed  no  signs  of  periodic  changes  little 
would  be  gained  by  discussing  conditions  which  would  produce  changes 
in  the  descending  solutions,  but  the  disseminated  ores  do  show  these 
changes  to  a  marked  degree,  as  will  be  shown  under  the  heading  ''Second- 
ary Chalcopyrite  and  Bornite." 

Another  interesting  phenomenon  which  was  noted  in  connection  with 
the  chum-drill  holes  was  as  follows:  In  the  brown  capping  a  candle 
burned  brightly  while  being  lowered  to  the  bottom  of  the  hole,  but  in  the 
ore  the  flame  was  extinguished  a  few  feet  below  the  surface,  or  the  brown 
capping.  Rimning  the  bailer  up  and  down  in  the  hole  did  not  mix  the 
gas  and  air  in  such  amounts  that  the  condition  was  improved.  No  odor  of 
sulphur  gases  could  be  detected.  It  is  therefore  probable  that  the  oxygen 
of  the  air  was  being  rapidly  used  up,  probably  by  the  ferrous  sulphate 
thus:    . 

2FeS04  +  HiSO*  +  O,  =  FcCSOOi  -f  H,0  +  N,. 

Ferrous       Sulphurio      Air  Ferric  Water 

sulphate  acid     21  +  %  Os    sulphate 

78+N« 

From  this  it  would  appear  that  the  ferric  sulphate  had  been  reduced  to 
ferrous  sulphate  a  short  distance  below  the  capping.  Whether  this  be  so 
or  not  this  phenomenon  would  indicate  reducing  rather  than  oxidizing 
conditions.  It  is  usually  supposed  that  the  ferric  sulphate  may  extend 
some  distance  below  the  oxidized  zone,  but  if  the  sulphuric  acid  does 
become  concentrated  just  below  the  brown  capping,  its  tendency  to 
produce  hydrogen  sulphide  by  reactions  with  certain  sulphides  would  be 
increased.  The  hydrogen  sulphide  thus  generated  would  rapidly  reduce 
the  ferric  to  ferrous  sulphate  thus:" 

Fe,(S04)s  +  H,S  =  2FeS04  +  S  +  HjSOi 

Ferrio      Hydrogen     Ferrous  Sulphur  Sulphurio 
sulphate     sulphide    sulphate  add 

An  excess  of  this  hydrogen  sulphide  under  low  pressure  might  precipi- 


"  W.  H.  Emmons :  The  Enrichment  of  Sulphide  Ores,  Bulletin  No.  629,  U.  S.  Geolog- 
ical Survey^  p.  91  (1913). 
5 
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tate  both  iron  and  copper  sulphides.  The  remaining  hydrogen  sulphide, 
together  with  that  which  may  be  generated  at  a  greater  depth,  passes 
downward  with  the  sulphate  solution,  carrying  with  it  small  amounts  of 
colloidal  copper  and  iron  sulphides.  Sphalerite  is  one  of  the  sulphides 
which  produce  hydrogen  sulphide  most  readily  by  the  action  of  sulphuric 
acid,  but  it  has  been  found  experimentally^'  that  under  a  pressure  of  two 
atmospheres  the  reaction  ceases  or  becomes  extremely  slow;  thus  this 
reaction  would  take  place  near  the  surface,  but  at  comparatively  shallow 
depth  the  sphalerite  may  remain  unchanged  in  the  presence  of  acid 
solutions.  Other  sulphides  will  build  up  greater  pressures,  but  in 
general  the  generation  of  hydrogen  sulphide  by  descending  acidic  surface 
solutions  is  probably  a  reaction  which  takes  place  a  short  distance  below 
the  surface  in  fairly  concentrated  acid  solutions. 

The  minerals  present  in  the  capping  are  shown  in  thin  section  to  be  a 
large  amount  of  secondary  quartz  which  the  surface  waters  have  not 
affected;  sericite  is  partly  changed  to  kaolinite,  and  often  the  sericite  and 
kaolinite  fill  the  space  once  occupied  by  the  original  feldspar  crystals. 
In  some  sUdes  biotite  has  completely  disappeared,  leaving  only  small 
yellow  crystals  of  rutile  in  its  crystal  outUne;  in  other  slides  the  biotite 
is  bleached  until  it  has  the  appearance  of  muscovite.  The  sericitization 
and  bleaching  of  the  biotite  is  largely  a  hydrothermal  alteration,  but  the 
kaolinization  is  undoubtedly  an  alteration  produced  by  acidic  surface 
waters.  The  carbonates,  azurite  and  malachite,  are  noticeably  absent 
along  the  upper  levels.  The  sulphides  when  present  in  the  capping  are 
often  surrounded  by  the  brown  and  yellow  oxides  of  iron.  One  occur- 
rence of  gypsum  was  noted  on  the  R  level,  but  this  was  confined  .to  small 
veinlets  in  a  clay-Uke  gangue  about  30  ft.  thick. 

Aside  from  the  kaolinite  and  small  amount  of  gypsum  there  are  no 
alteration  products  which  would  indicate  a  considerable  neutralization 
of  the  acid  solutions  by  the  silicate  minerals.  It  is  therefore  reasonable 
to  suppose  that  the  copper  minerals  in  and  just  below  the  capping  will 
show  the  effects  of  acid  solutions  to  a  marked  degree  while  the  sulphides 
at  depth  will  show  these  effects  to  less  degree. 

Polished  sections  made  from  ores,  taken  from  the  upper  levels  just 
below  the  capping,  show  the  disseminated  sulphide  grains  to  be  coated 
with  covellite.  The  coating  of  covellite  is  usually  much  deeper  on  the 
chalcopyrite  grains  than  on  the  pyrite;  and  when  it  is  found  as  a  coating, 
partly  or  completely  encircling  the  pyrite  grains,  it  is  usually  possible  to 
see  fragments  of  chalcopyrite  in  the  covellite,  indicating  that  the  covellite 
was  formed  by  the  replacement  of  chalcopyrite  rather  than  pyrite. 

Ay  By  C,  and  Z>,  Plate  IV,  are  photographs  of  polished  sections  showing 
small  veinlets,  full  width,  together  with  the  enlargements  of  small  areas 


"  Laboratory  of  Physical  Chemistry,  Stanford  University. 
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of  each  vein.  These  vemlets  were  all  collected  along  the  R  level  just 
below  the  brown  capping.  In  these  sections,  as  in  others  from  the  same 
vicinity,  coveUite  is  shown  to  be  the  predominating  secondary  copper 
sulphide. 

The  formation  of  coveUite  from  chalcopyrite — A^  Plate  IV — may  have 
been  quite  simple,  as  shown  in  the  following  equation : 

CuSOi  +  CuFeSj  =  2CuS  +  FeS04 

Copper         Chalco-      Covdlite    Ferrotu 
Bulpbate         pyrite  sulphate 

But  in  the  replacement  of  galena — Z>,  Plate  IV — the  reaction  was  prob- 
ably more  complex  and  could  not  be  indicated  by  a  simple  equation 
because  free  sulphur  was  among  the  other  products.  The  replacement 
of  enargite  by  covellite  would  also  represent  a  more  or  less  complex 
replacement. 

In  the  hand  specimen  a  small  veinlet  may  appear  to  be  composed  of 
pure  chalcocite,  but  a  polished  section  often  shows  this  veinlet  to  be  com- 
posed almost  wholly  of  pyrite  with  microscopic  veinlets  of  chalcocite 
passing  through  the  pyrite;  an  example  of  this  is  shown  in  B'  and  S, 
Plate  IV.  B'  shows  the  vein  composed  of  pyrite  while  B  showa  the 
microscopic  veinlets  of  chalcocite. 

6.  Conclusions  Drawn  from  a  Study  of  the  Capping  and  the  Covellite 
Ores. — There  is  a  transition  zone  of  oAly  a  few  feet,  between  the  oxidized 
brown  capping,  carrying  practically  no  sulphides,  and  the  gray  rock  con- 
taining large  amounts  of  sulphides. 

In  the  brown  capping  oxidizing  conditions  exist,  while  in  the  gray 
rock  just  below  it  reducing  conditions  predominate. 

The  copper  and  iron  sulphides,  together  with  sulphuric  acid,  accumu- 
late just  below  the  capping  during  the  warm  summer  months,  and  are 
dissolved  by  the  water  from  the  first  heavy  precipitation  after  the  dry 
season,  producing  a  solution  with  a  higher  concentration  of  these  salts 
than  the  solutions  which  follow  for  some  time. 

The  solutions  producing  enrichment  are  periodic.  The  relative  con- 
centrations of  dissolved  salts  and  acid  vary  in  different  periods. 

The  solutions  passing  downward  through  the  orebody  are  probably 
slightly  acid  to  a  considerable  depth  unless  neutralized  by  the  reactions 
with  sulphide  minerals. 

Covellite  is  the  predominating  secondary  copper  mineral,  formed 
under  slightly  acid  conditions,  in  the  porphyry  below  the  upper  levels. 

c.  Covellite  Enrichment  at  Depth. — From  the  underground  mine  located 
directly  below  the  top  of  the  mountain  and  the  upper  levels,  which  have 
just  been  described,  the  writer  has  collected  about  125  samples.  These 
samples  were  taken  on  the  three  main  levels,  Sub  1,  Sub  5,  and  Sub  8, 
at  varying  intervals  along  the  crosscuts,  perpendicular  to  the  plane  of  the 
longitudinal  section  (Fig.  1).     These  crosscuts  extend  from  the  quartzite 
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on  ODe'side,  directly  across  the  intrusive  nearly  to  the  surface  of  the 
mountain  on  the  other  side,  a  total  distance  of  about  2,100  ft.  on  Sub  8, 
and  a  somewhat  greater  distance  on  the  levels  bdow. 

The  polished  sections  of  these  ores  invariably  show  that  the  enrich- 
ment has  been  similar  to  that  of  the  disseminated  ores  of  Ely,  Nev., 
described  by  Mr.  Spencer^^  in  the  following  words: 


"  Both  chalcopyrite  and  pyrite  have  been  replaced  by  chalcocite  but  the  coatings 
of  this  secondary  mineral  are  commonly  much  deeper  on  the  chalcopyrite  than  on 
pyrite,  much  of  which  has  not  been  coated  at  all." 

Covellite,  however,  is  more  abundant  than  chalcocite  in  the  ores  of 
the  underground  mine  and  is  formed  in  these  ores  chiefly  from  chalco- 
pyrite by  slightly  acid  or  neutral  solutions  carrying  a  considerable  amount 
of  copper  and  ferrous  sulphates.  Covellite  is  often  replaced  by  chalcocite, 
and  in  some  sections  it  appears  that  the  reverse  order  may  have  taken 
place. 

Typical  examples  of  the  ores  from  the  underground  mine  are  shown  in 
A,  B,  C,  and  D,  Plate  V.  These  illustrations  also  show  the  replace- 
ments which  have  just  been  described.  In  A  and  B  it  will  be  noted  that 
there  are  small  lath-shaped  crystals  of  sericite  penetrating  the  sulphide 
grains.  These  sericite  crystals  are  invariably  surrounded  by  covellite, 
chalcocite,  or  the  secondary  mineral,  showing  that  they  are  not  inclusions 
but  have  penetrated  the  grains  from  the  outside  and  are  therefore  l^ter 
than  the  primary  and  earlier  than  the  secondary  sulphides.  The  sericite 
crystals,  although  microscopic  in  size,  have  formed  sub-capillary  channels 
into  the  sulphide  grains,  thus  permitting  a  more  complete  replacement 
by  the  secondary  minerals.  These  examples  also  emphasize  the  impor- 
tance of  sericite  as  a  mineral  which  increases  the  porosity  of  the  rock. 

D  shows  bornite  and  chalcocite  forming  the  center  of  a  grain,  while 
covellite  appears  to  have  replaced  part  of  the  chalcocite;  then  a  change  in 
the  solutions  has  caused  a  part  of  the  covellite  to  be  replaced  by  a  border 
of  chalcocite. 

Chalcocite  is  formed  more  conamonly  from  bornite — C,  Plate  VI — 
than  from  chalcopyrite,  but  under  certain  conditions  the  blue  chalcocite 
may  develop  directly  from  the  chalcopyrite  and  in  a  few  small  fissure  veins 
white  chalcocite  may  replace  sphalerite — D,  Plate  VI.  In  general,  there 
are  probably  two  factors  which  govern  the  formation  of  chalcocite  in  the 
disseminated  ores:  (1)  decreasing  acidity  in  the  solutions,  probably  to  the 
extent  of  neutral  or  alkaline  conditions;  (2)  relative  concentration  of 
copper  sulphate  to  ferrous  sulphate;  the  latter  will  be  discussed  under 
the  heading  **  Secondary  Chalcop3rrite  and  Bornite." 


**  Arthur  C,  Spencer:  Chalcocite  Enrichment,  Economic  Gtoiogy,  vol.  viii.  No. 
7,  p.  622  (Oct.,  1913). 
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5.  The  ChalcocUe  Enrichment 

The  ores  in  which  chalcocite  is  most  prominent  include  those  of  the 
Pit  and  a  number  of  levels  above  it. 

While  the  capping  in  this  area  has  many  minerals  m  common  with  the 
capping  which  has  been  described,  the  most  noticeable  difference  is  the 
presence  of  the  green  and  blue  carbonate  stains  in  the  capping  and  gray 
ore. 

a.  The  Carbonates  in  the  Capping  above  the  Chalcocite  Ores, — The  car- 
bonates, together  with  the  oxides  and  sulphides  of  copper,  are  present  in 
the  capping  in  such  amounts  that  this  capping  is  being  deposited  in  large 
dumps  where  it  will  be  treated  in  the  future  by  leaching  processes. 

The  formation  of  the  carbonate  ores  may  have  been  effected  by  a 
number  of  different  processes,  among  which  the  most  probable  are:  (1) 
The  direct  action  of  the  copper  sulphate  solutions  with  lime  carbonates 
in  the  rock.  But  the  thin  sections  have  failed  to  show  the  presence  of 
calcite  or  gypsum,  either  or  both  of  which  should  be  present  if  this  action 
had  taken  place.  (2)  The  water  running  down  the  canyon  from  the  lime- 
stone ridges  higher  up  carries  small  amounts  of  H2Ca(C03)2  (acid  calcium 
carbonate),  which  might  produce  carbonates,  but  again  gypsum  should  be 
present  in  the  ores.  (3)  The  presence  of  carbon  dioxide — both  of  atmos- 
pheric and  organic  origin — in  the  surface  waters,  in  sufficient  concentra- 
tion, will  produce  copper  carbonates  when  these  waters  come  in  contact 
with  copper  sulphate  and  sulphides.  The  geologic  evidence  shows  that 
the  latter  has  been  the  most  effective  process  in  the  formation  of  the  cai'- 
bonate  ores  in  the  disseminated  deposit. 

Before  steam-shovel  operations  began  in  1906  the  orebody  was  a 
short  distance  below  the  surface  of  a  brush-covered  mountain.  It  appears 
that  during  the  summer  months  the  decay  of  organic  matter  produced 
carbon  dioxide,  part  of  which  remained  in  the  soil;  this  carbon  dioxide, 
"together  with  atmospheric  CO2,  was  evidently  dissolved  in  the  water  which 
passed  down  the  mountain  side.  At  the  top,  the  carbon  dioxide  content 
was  probably  small,  but  as  the  water  passed  down  the  mountain  side  the 
concentration  of  this  gas  and  alkaline  carbonates  evidently  increased  until, 
about  half  way  down,  the  concentration  was  sufficient  to  produce  car- 
bonates when  these  waters  came  in  contact  with  the  accumulated  copper 
sulphate.  The  atmospheric  oxygen  also  present  in  these  solutions  was 
probably  used  up  in  the  oxidation  of  the  copper  and  iron  sulphides  and 
also  in  the  formation  of  melaconite  and  cuprite.  The  sulphuric  acid 
formed  in  the  zone  of  oxidation  would  doubtless  be  partly  neutralized  by 
the  surface  waters.  Thus  the  presence  of  the  carbonates  indicates  that 
the  solutions  were  probably  slightly  acid  to  alkaline. 

6.  The  Formation  of  Chalcocite, — It  is  safe  to  say  that  the  chalcocite  in 
the  ores  below  this  area  was  formed  by  weakly  acid  to  sUghtly  alkaline 
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solutions.  A,  Plate  VII,  shows  the  replacement  of  chalcopjoite  by  chal- 
cocite,  with  bomite  as  an  intermediate  product.  Later,  the  chalcocite 
has  been  replaced  by  melaconite  and  malachite.  The  melaconite  may  or 
may  not  be  an  intermediate  product  between  chalcocite  and  malachite. 
In  D  it  appears  that  chalcopyrite  has  been  partly  replaced  by  covellite; 
then  a  change  in  the  solutions  has  caused  th6  chalcocite  to  replace  in  part 
both  covellite  and  chalcopyrite,  leaving  the  covellite  as  residual  crystals  in 
the  chalcocite.  C  shows  chalcocite  replacing  pyrite,  and  a  later  replace- 
ment of  chalcocite  by  melaconite;  this  replacement  of  pyrite  by  chalcocite 
may  be  a  deep-seated  change  brought  to  the  surface  by  erosion.  In  this 
specimen  crystals  of  chalcocite  shown  by  etching  are  at  least  ^^  in.  long 
and  are  formed  by  replacement  of  bornite,  chalcopyrite,  and  pyrite  by  the 
copper  in  the  descending  solutions.  Etching  with  nitric  acid  or  potassium 
cyanide  develops  a  structure  almost  identical  with  that  which  has  been 
attributed  to  primary  chalcocite;  it  is  therefore  doubtful  whether  etch- 
ing tests  can  be  used  as  criteria  to  distinguish  primary  and  secondary 
chalcocite. 

In  general,  the  chalcocite  is  formed  in  these  ores  by  the  replacement  of 
chalcopyrite,  bornite,  pyrite,  and  occasionally  covellite.  The  chalcocite 
usually  forms  directly  from  these  minerals  without  intermediate  copper- 
iron  or  copper  sulphides;  however,  under  certain  conditions  chalcopyrite 
may  be  an  intermediate  product  between  pyrite  and  chalcocite;  also 
bornite  may  be  an  intermediate  product  between  chalcopyrite  and  chal- 
cocite; the  latter  is  not  common,  and  in  the  same  specimen  the  writer  has 
riot  observed  pyrite  passing  through  the  intermediate  stages  of  chalco- 
pyrite, bornite,  and  covellite  to  chalcocite,  as  the  theoretical  replacement 
should  proceed. 

In  the  disseminated  sulphide  grains  the  replacement  by  chalcocite  may 
vary  from  a  thin  coating  to  complete  replacement,  but  here,  as  is  common 
throughout  the  orebody,  the  enrichment  as  a  whole  is  very  regular. 

Whether  or  not  the  intermediate  products  will  be  formed  in  the  re- 
placement of  iron  or  copper-iron  sulphides  by  chalcocite  is  doubtless  gov- 
erned by  the  concentration  of  the  ferrous  sulphate  in  the  solutions  produc- 
ing the  reactions. 

6.  Secondary  Chalcopyrite  and  Bornite 

Secondary  chalcopyrite  may  be  formed  as  an  intermediate  product 
between  pyrite  and  chalcocite;  and  bornite  as  an  intermediate  mineral 
between  chalcopyrite  and  chalcocite,  as  has  already  been  discussed,  but 
the  most  interesting  occurrence  of  these  minerals  is  where  they  are  formed 
in  the  reverse  order  by  the  replacement  of  chalcocite  and  covellite. 

In  different  parts  of  the  disseminated  chalcocite  and  covelUte  or^, 
especially  in  the  deeper  ores,  the  sulphide  grains  appear,  in  the  hand 


THE   DISSEMINATED   COPPER   ORES   OF  BINGHAM   CANYON,    UTAH       2231 

specimen,  to  be  composed  wholly  of  chalcopyrite;  but  in  the  polished 
section  the  chalcopyrite  is  often  shown  to  be  only  an  extremely  thin 
coating  surrounding  the  grain.  It  was  probably  these  ores  which  Mr. 
Emmons  referred  to  in  the  following  quotation:" 

"  In  much  of  the  ore,  especially  in  that  of  lower  levels,  chalcopyrite  is  an  important 
ore  mineral,  and  considerable  masses  .  .  .  ciarry  very  little  chalcocite.  It  is  not 
known  whether  the  chalcopyrite  is  a  primary  or  secondary  sulphide." 

In  the  masses  referred  to  as  carrying  very  little  chalcocite,  it  is  prob- 
able that  there  was  considerable  chalcocite  present,  but  it  was  covered  by 
a  chalcop3rrite  coating. 

There  are  unquestionably  two  generations  of  chalcopyrite:  (1)  the 
primary,  which  is  the  most  important  ore  mineral  in  the  disseminated 
ores;  (2)  the  secondary,  which  composes  a  minor  part  of  the  chalcopy- 
rite. In  D,  Plate  VIII,  the  primary  and  secondary  chalcopyrite  are 
shown.  The  primary  chalcopyrite,  marked  P,  forms  a  center  surrounded 
by  chalcocite  and  bornite  and  also  one  end  of  the  grain,  while  the  second- 
ary forms  a  thin  coating  which  in  the  photograph  is  shown  as  a  border 
surrounding  the  grain. 

The  photographs  in  Plate  VIII  show  the  dififerent  stages  in  the  replace- 
ment of  chalcocite  by  chalcopyrite.  In  i4,  B,  and  C  it  appears  that  the 
white  chalcocite  has  changed  to  a  pale-blue  chalcocite,  due  to  a  slight 
addition  of  iron,  leaving  the  white  chalcocite  only  as  narrow  gashes  along 
crystallographic  directions  in  the  sulphide  grain.  By  a  gradual  addition  of 
iron  the  impure  blue  chalcocite  is  changed  to  bornite,  and  a  further  addi- 
tion of  iron  and  bornite  is  replaced  by  chalcopyrite  in  the  form  of  a  thin 
coating  completely  surrounding  the  grain,  and  also  as  small  fissures  and 
gashes  extending  into  the  grain.  In  Ay  B,  and  C  the  bornite  and  chal- 
copyrite are  undoubtedly  later  than  the  blue  and  white  chalcocite;  the 
only  question  is  the  relation  of  the  blue  and  white  chalcocite.  In  the 
chalcocite  ores  which  do  not  show  the  reverse  reaction  the  white  chalco- 
cite is  often  formed  by  the  replacement  of  the  blue  and  it  is  possible  that 
the  white  chalcocite  in  A,  B,  and  C  was  formed  by  a  replacement  of 
originally  blue  chalcocite  and  is  thus  later;  but  if  this  has  taken  place 
there  has  also  been  a  later  replacement  of  part  of  the  white  by  the  blue 
chalcocite. 

Experimental  work'*  tends  to  show  that  the  white  chalcocite  is  the 
purest  form  of  chalcocite,  while  the  blue  is  an  impure  variety  containing  a 
small  amount  of  iron;  thus  it  might  easily  be  formed  as  an  intermediate 
product  in  ordinary  replacements  of  chalcocite  or  in  the  reverse  reaction 
where  chalcocite  is  replaced  by  bornite  and  chalcopyrite. 


"  W.  H.  Emmons:  The  Enrichment  of  Sulphide  Ores,  Bulletin  No.  629,  U.  S. 
Geological  Survey,  p.  179  (1913). 

^^  Laboratory  of  Physical  Chemistry,  Stanford  University. 
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The  photographs  A  and  B,  Plate  VI,  and  A,B,C,  D,  E,  and  F, 
Plate  VIII,  were  selected  from  specimens  in  which  all  of  the  sulphide 
grains  showed  the  reverse  reactions,  so  these  illustrations  show  charac- 
teristic replacements  common  to  the  specimens^  rather  than  selected 
grains  picked  to  prove  a  certain  point. 

In  some  of  the  sulphide  grains  it  appears  that  a  border  of  chalcop3rrite 
and  bornite  is  formed;  the  chalcocite  assumes  the  pale  blue  color;  then 
the  chalcopyrite  appears  to  build  from  the  center  of  the  grain  toward  the 
outside  and  from  the  outside  toward  the  center.  In  this  way  chalcocite 
and  chalcopyrite  with  bornite  often  occur  as  very  irregular  patches  in  the 
grain,  but  in  no  case  has  the  typical  graphic  intergrowth  of  chalcocite  and 
bornite  been  observed.  However,  the  irregular  formation  of  chalcocite 
with  bornite  and  chalcopyrite  often  approaches  a  structure  almost  as 
irregular  as  that  of  the  graphic  intergrowth  formed  by  eutectic  mixtures 
of  chalcocite  and  bornite  as  described  by  Laney^^  in  the  Virgilina  ores. 

In  some  grains  this  occurrence  of  chalcocite,  bornite,  and  chalcopyrite 
could  be  explained  by  an  incipient  breakdown  of  the  bornite  into  chal- 
cocite and  chalcopyrite,  as  described  by  Graton  and  Murdoch,"  if  it  were 
not  for  the  fact  that  in  some  grains  (A,  Plate  VIII)  the  ratio  of  chalcocite 
to  chalcopyrite  is  too  large,  and  in  other  grains  (F)  the  ratio  of  chalco- 
pyrite to  chalcocite  represents  a  larger  amount  of  chalcopyrite  than  could 
be  accounted  for  by  iron  in  bornite.  Other  sulphide  grains  show  the 
chalcopyrite  as  gashes  in,  and  bordering,  sulphide  grains,  the  centers  of 
which  are  composed  wholly  of  bornite. 

Some  of  the  sulphide  grains  suggest  that  the  chalcocite  in  the  center  of 
the  grain  might  have  been  formed  by  the  replacement  of  bornite,  but  in 
grains  where  bornite  containing  gashes  of  chalcopyrite  is  being  replaced 
by  chalcocite — C,  Plate  VI — the  replacement  proceeds  from  the  outside 
toward  the  center.  The  bornite  is  more  readily  replaced  than  the  chal- 
copyrite and  thus  the  gashes  of  chalcopyrite  are  seen  extending  from  the 
bornite  into  the  chalcocite,  and  often  are  not  replaced  even  after  the  com- 
plete replacement  of  bornite.  In  the  grains  showing  the  reverse  reactions 
this  selective  replacement  does  not  occur.  (7,  Plate  VI,  might  be  taken 
to  show  the  appearance  of  a  sulphide  grain  similar  to  E,  Plate  VIII, 
after  chalcocite-forming  solutions  had  completely  replaced  the  chalco- 
pyrite border  and  partly  replaced  the  whole  grain. 

In  studying  the  specimen  from  which  the  photographs  of  Plate  VIII 
were  taken,  the  writer  has  observed,  in  one  or  two  grains,  two  generations 
of  chalcocite,  but  usually  it  occurs  in  such  a  way  as  to  show  that  there  has 


"F.  B.  Laney:  The  Relation  of  Bornite  and  Chalcocite  in  the  Copper  Ores  of  the 
Virgilina  District  of  North  Carolina  and  Virginia,  Economic  Geology ^  vol.  vi,  No.  4, 
pp.  339  to  4li  (June,  1911). 

"  L.  C.  Graton  and  Joseph  Murdoch :  The  Sulphide  Ores  of  Copper.  Some  Results 
of  Microscopic  Study.     Trans,^  xlv,  49  (1913). 
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been  a  gradual  migration  of  the  iron  from  the  chalcopyrite  border  veinlets 
and  gashes.  This  strongly  suggests  that  a  part  of  the  blue  chalcocite  and 
bornite  is  formed  as  in  the  chalcopyrite  by  an  addition  of  iron  from  the 
solutions  acting  on  the  outside  of  the  grain. 

It  is  interesting  to  find  that  in  the  covellite  ores  the  reverse  reaction 
also  takes  place  and  the  covellite  appears  to  be  replaced  directly  by 
chalcopyrite.  In  some  of  the  sulphide  grains  a  small  amount  of  second- 
ary bornite  is  formed,  but  this  bornite  does  not  appear  to  be  an  interme- 
diate mineral  between  the  covelUte  and  chalcopyrite.  A  grain  of  sulphide 
composed  almost  wholly  of  covelUte  is  often  covered  by  a  thin  coating  of 
chalcopyrite;  A  and  B,  Plate  VI,  show  this  replacement.  In  A  there  is 
an  indication  of  two  distinct  borders  of  chalcopyrite — marked  I  and  II — 
separated  by  a  narrow  strip  of  covelUte,  which  indicates  that  there  have 
probably  been  two  generations  of  secondary  covellite  and  chalcopyrite. 
In  both  the  covelUte  and  chalcocite  ores  the  chalcopyrite  is  formed  by  an 
addition  of  iron,  the  larger  part  of  which  has  unquestionably  been  sup- 
plied by  solutions  acting  on  the  outside  of  the  sulphide  grains. 

The  author  believes  that  the  secondary  chalcopyrite  has  been  formed 
by  descending  surface  waters  rather  than  the  primary  solutions,  because 
chalcocite  grains  coated  with  chalcopyrite  are  often  found  near  the  top  of 
the  sulphide  ores  where  enrichment  extends  400  to  500  ft.  below.  If  the 
chalcocite  and  chalcopyrite  coating  had  both  been  formed  by  primary 
solutions,  the  thin  chalcopyrite  coating  would  undoubtedly  have  been 
replaced  by  secondary  chalcocite  or  covellite.  The  only  conclusion  which 
can  be  drawn  is  that  the  local  concentration  of  iron  in  the  descending 
solutions  has  been  responsible  for  the  reverse  reactions. 

The  formation  of  chalcopyrite  by  cold  descending  solutions  has  often 
been  questioned,  but  recent  work  in  the  Laboratory  of  Physical  Chemis- 
try, Stanford  University,  has  shown  that  chalcopyrite  can  be  formed  in 
cold  solutions  by  the  action  of  ferrous  sulphate  on  chalcocite,  covelUte,  or 
bornite.  The  data  in  the  following  paragraph,  together  with  the  photo- 
graphs appearing  in  Plate  IX,  are  published  by  the  courtesy  of  Prof. 
S.  W.  Young. 

Experimental  work  shows  that  chalcopyrite  can  form  by  the  direct 
replacement  of  copper  in  chalcocite,  coveUite,  or  J^ornite,  by  the  iron  of  the 
ferrous  sulphate.  The  reactions  take  place  in  acid,  neutral,  or  slightly 
alkaUne  solutions  in  the  presence  of  hydrogen  sulphide  under  pressure, 
but  are  more  rapid  in  neutral  than  in  acid  or  alkaline  solutions. 

The  photographs  in  Plate  IV  show  synthetic  chalcopyrite  as  borders 
and  small  veinlets  covering  and  passing  through  fragments  of  chalcocite, 
bornite,  and  covellite  which  have  been  subjected  to  the  action  of  ferrous 
sulphate  for  a  period  of  about  six  weeks  at  a  temperature  of  30°  C.  A  vis- 
ible coating  of  chalcopyrite  is  formed  on  small  fragments  of  chalcocite, 
coveUite,  or  bornite  in  about  three  days;  longer  periods  show  an  increase 
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in  the  intensity  of  the  chaIcop3aite  color,  and  polished  sections  made  from 
these  fragments  show,  under  the  microscope,  unquestionable  chalcopy- 
rite  borders  and  small  veinlets  passing  through  the  sulphide  fragment.  B 
shows  qusrrtz  fragments  in  bornite,  the  contact  completely  surrounded  by 
narrow  borders  of  chalcopyrite.  Future  work  will  probably  show  that 
bornite  can  be  synthetized  in  a  similar  way. 

Hydrogen  sulphide  probably  plays  the  part  of  a  catalytic  agent, 
and  its  expansion  from  a  liquid  state  in  the  sealed  tube  causes  considerable 
pressure,  which  is  probably  a  factor  in  the  reverse  reaction.  The  fact 
that  the  reaction  takes  place  in  acid,  neutral,  or  alkaline  solutions  empha- 
sizes the  fact  that  the  reactions  are  governed  by  the  mass  law;  thus  it 
appears  that  in  the  presence  of  certain  concentrations  of  copper  sulphate, 
covellite  is  formed  from  chalcopyrite  thus: 

CUSO4  +  CuFeSs  =  2CuS  +  FeSO*, 

but  if  the  concentration  of  the  ferrous  sulphate  is  increased  beyond  a 
certain  point  the  reaction  takes  place  in  the  reverse  direction,  thus: 

FeS04  +  2CuS  =  CuFeSa  +  CuSO*. 

Similar  equations  might  be  written  to  show  the  reverse  reaction  with 
chalcocite  and  bornite. 

Strong  evidence  supporting  the  reversibility  of  some  of  the  equations, 
common  to  the  chemistry  of  secondary  enrichment,  is  given  in  the 
disseminated  ores.  Thus  the  alternating  borders  of  covelUte  and  chalco- 
pyrite in  the  covellite  ores,  A,  Hate  VI,  are  easily  explained  by  changes  in 
the  concentration  of  the  iron  and  copper  in  the  descending  solutions. 
These  changes  might  be  caused  in  the  following  manner:  Certain  veins, 
pockets,  or  zones  in  an  orebody  are  often  rich  in  copper  and  others  are 
composed  almost  wholly  of  pyrite.  While  the  sulphides  higher  in  copper 
are  being  oxidized  the  descending  solutions  will  carry  a  considerable 
amount  of  copper  sulphate  and  chalcocite,  and  covellite  will  be  formed 
to  a  considerable  depth;  but  when  pyrite  is  undergoing  oxidation  the 
amount  of  ferrous  sulphate  will  be  larger  and  a  part  of  the  chalcocite  and 
covellite  at  depth  may  be  changed  back  into  chalcopyrite.  The  change 
in  the  concentration  of  the  iron  and  copper  is  often  gradual  and  thus 
bornite  replaces  part  of  the  chalcocite;  then  as  the  concentration  of  iron 
increases  chalcopyrite  is  formed. 

If  the  solutions  are  periodic,  as  indicated  in  the  capping  above  the 
covellite  ores,  the  concentration  of  copper  sulphate  and  ferrous  sulphate 
might  vary  considerably  in  dififerent  periods,  and  therefore  it  would  be 
quite  possible  to  have  two  or  more  generations  of  secondary  copper  and 
copper-iron  sulphides.  Where  such  changes  take  place  the  relation  of  the 
primary  and   secondary  minerals   will  be  very  complex.     It  is  very 
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probable  that  the  concentration  of  the  ferrous  sulphate  must  be  high 
before  the  order  of  the  replacements  is  reversed. 

Analyses  of  waters  from  copper  mines  usually  show  the  ferrous 
sulphate  in  considerable  excess  of  the  copper  sulphate.  Of  the  18 
analyses  given  by  Emmons*'  the  iron  sulphate  (ferric  near  the  surface  and 
ferrous  sulphate  at  depth)  is  present  in  excess  of  the  copper  sulphate  in 
all  but  two  samples. 

In  any  event  to  a  certain  depth  the  net  result  is  enrichment,  because 
either  chalcocite  or  covellite  is  present  and  a  considerable  amount  of  the 
pyrite  is  replaced  by  chalcopyrite.  C,  Plate  V,  shows  a  pyrite  grain 
partly  replaced  by  chalcopyrite.  The  chalcopyrite  appears  to  be  formed 
by  a  replacement  of  chalcocite  rather  than  by  a  direct  replacement  of 
the  pyrite. 

At  present  it  is  impossible  to  say  to  what  extent  ferrous  sulphate 
has  effected  enrichment,  but  possibly  some  of  the  reverse  reactions  in  the 
Butte  ores,  described  by  Sales '°  in  the  following  quotation,  were  caused 
by  ferrous  sulphate  rather  than  by  primary  solutions. 

"Bomite  ...  is  often  seen  to  be  a  transition  product  between  pyrite  and  chal- 
cocite; also  in  the  reverse  reaction  where  chalcocite  passes  by  gradual  alteration  stages 
through  bomite  to  chalcopyrite  ....  While  bomite  is  commonly  an  alteration 
product,  and  therefore  secondary,  it  probably  does  not  often  result  from  the  action 
of  downward  moving  surface  waters,  but  is  generally  a  product  of  ascending  solutions. 
.  .  .  The  alteration  of  massive  chalcocite  to  bomite  is  common,  as  is  the  change 
from  enargite  to  chalcopyrite,  and  covellite  to  chalcopyiice." 

Similar  replacements  have  also  been  described  by  Graton  and  Mur- 
doch,*^ and  Ray,^^  but  in  general  the  primary  solutions  are  favored. 
The  author  has  not  made  an  extensive  study  of  the  Butte  ores,  and  as 
reverse  reactions  in  them  might  be  caused  by  the  primary  solutions  as 
well  as  the  secondary,  the  matter  is  open  for  discussion. 

III.  Conclusions  as  to  the  Formation  of  the  Important  Sulphides 

in  the  Disseminated  Ores 

Pyrite,  chalcopyrite,  and  probably  a  minor  amount  of  bornite  are  the 
primary  copper  minerals.  The  primary  sulphides  do  not  occur  in  these 
ores  as  magmatic  sulphides,  but  owe  their  present  distribution  to  the 
magnetite  which  was  a  magmatic  mineral. 


*•  W.  H.  Emmons:  The  Enrichment  of  Sulphide  Ores,  Bulletin  No,  529,  U.  5. 
Geological  Survey^  pp.  60  to  61  (1913). 

^  Reno  H.  8ali;s:  Economic  Geology,  vol.  v.  No.  7,  p.  682  (Oct. -Nov.,  1910). 

*^  L.  C.  Graton  and  Joseph  Murdoch :  The  Sulphide  Ores  of  Copper.  Some  Results 
of  Microscopic  Study.     Trans, ,  xlv,  pp.  44  and  50  (1913). 

"J.  C.  Ray:  Paragenesis  of  the  Ore  Minerals  in  the  Butte  District,  Montana. 
Economic  Geology ,  yol.  ix,  No.  5,  p.  477  (July,  1914).] 
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Covellite  is  the  most  abundant  secondary  copper  mineral  forming  by  a 
replacement  of  chalcopyrite  in  slightly  acid  to  neutral  solutions. 

Chalcocite  is  the  most  important  secondary  copper  mineral  formed 
under  slightly  acid  to  alkaUne  conditions. 

Secondary  chalcopyrite  may  be  an  intermediate  mineral  between 
pyrite  and  chalcocite;  and  bornite  may  be  formed  as  an  intermediate 
product  between  chalcopyrite  and  chalcocite. 

Secondary  chalcopyrite  and  bornite  may  also  be  formed  by  the  re- 
placement of  the  copper  in  chalcocite  or  covellite  by  the  iron  of  the  fer- 
rous sulphate. 

The  concentration  of  the  ferrous  sulphate  in  the  descending  solutions 
is  probably  an  important  factor  in  secondary  enrichment. 


I 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  BNQINEERS 

[subject  to  revision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  i>referably  be  presented  in pmon  at  the 
New  York  meeting,  Februaryt  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  disoussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  pai>er  will  close  Apr.  1, 1916.  Any  discussion 
oflfered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Illumination  of  Mines 

BT  ROBERT  P.  BURROWS,*   CLEVELAND,    OHIO 

» 

(New  York  Meeting,  February,  1916) 

In  preparing  this  paper  the  object  has  been  to  set  forth  facts  relating 
to  illumination  problems;  which;  judging  from  the  results  realized  in  the 
iron  and  steel  and  other  industries  somewhat  similar  to  mining,  will  tend 
toward  furthering  safety,  production,  and  contentment  of  employees, 
as  well  as  economy  of  operation  in  mines.  By  applying  the  principles 
of  illumination  with  the  assistance  of  modern  appliances,  the  full  benefits 
in  efficiency  may  be  derived  from  improvements  already  made  in  other 
details  of  mine  operation. 

The  lighting  of  a  typical  coal  mine  may  be  divided  into  four  distinct 
parts:  1,  The  lighting  of  the  buildings  about  the  top;  2,  the  lighting 
of  the  working  faces;  3,  general  illumination  at  the  bottom;  and  4,  special 
applications  of  lighting. 

The  lighting  of  buildings  about  the  top  may  be  treated  in  the  same 
manner  as  that  of  any  other  industrial  plant,  for  we  have  a  boiler  room, 
an  engine  and  generator  room,  a  forge,  a  machine  shop,  and  a  hoist  room. 
These  can  be  well  and  efficiently  lighted  by  the  use  of  100-watt  tungsten- 
filament  multiple  lamps  with  proper  reflectors  so  spaced  and  suspended 
that  a  power  consumption  of  from  ^  watt  per  square  foot  in  the  boiler 
room  to  1  watt  per  square  foot  in  the  machine  shop  is  obtained.  The 
methods  that  apply  to  this  kind  of  lighting  have  been  ably  treated 
by  a  number  of  authors,^  and  for  this  reason  a  detailed  discussion  is 
unnecessary. 

The  Ughting  of  the  working  faces  is  usually  done  by  means  of  portable 
lamps,  of  which  there  are  four  types  in  use:  The  oil  torch,  the  acetylene 
lamp,  and  the  oil  and  the  electric  safety  lamps.  The  different  types  have 
been  fully  described  in  numerous  papers  and  articles  and  will  not  be  cov- 
ered here,  although  a  few  figures  on  the  cost  of  operation  will  no  doubt  be 

*  Engineering  Department,  National  Lamp  Works  of  General  Electric  Co. 

^  Modem  Industrial  Lighting,  Issued  by  National  Electric  Light  Association. 
Industrial  Lighting,  BtUletin  20,  Engineering  Department,  National  Lamp  Works  of 
General  Electric  Co. 

Numerous  papers  on  the  various  phases  of  industrial  lighting  have  appeared  in  the 
TranaactionB  of  the  lUuminating  Engineering  Society, 
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of  interest.  In  attempting  to  obtain  cost  figures,  one  is  impressed  with 
the  fact  that  apparently  very  few  such  data  have  been  obtained  in  this 
country.  It  would  seem  that  such  data  would  be  of  particular  benefit  at 
this  time,  with  the  advent  of  the  electric  safety  lamp. 

The  oil  torch  is  without  question  the  cheapest  source  of  light.  The 
acetylene  lamp,  at  a  cost  of  6c.  to  10c.  per  lamp  per  week,  gives  far  supe- 
rior illumination,  but  the  characteristics  of  this  source  of  light  as  well  as 
any  other  open-^me  lamp  will  bear  careful  consideration  in  view  of  the 
ever-present  desire  for  industrial  efficiency  and  safety.  It  is  the  opinion 
of  many  that  the  greater  percentage  of  disastrous  explosions  in  this 
country  have  resulted  from  the  use  of  open-fiame  lamps  in  the  so-called 
non-gaseous  mines.  This  question  of  safety,  of  course,  merits  serious 
consideration. 

The  oil  safety  lamp  has  a  distinct  advantage  in  that  it  gives  an  indica- 
tion of  the  presence  of  gas.  Its  development  marked  one  of  the  greatest 
advances  in  mine  lighting,  although  in  most  cases  at  the  present  time  it  is 
not  considered  a  guarantee  against  explosion  when  in  the  presence  of  gas. 
Figures  obtained  from  foreign  countries  indicate  the  cost  of  using  oil 
safety  lamps  is  from  7c.  to  9c.  per  lamp  per  week.* 

The  electric  lamp  gives  a  steady  and  readily  directed  light,  free  from 
gases,  soot,  and  frequent  outage.  A  large  proportion  of  the  generated 
light  is  directed  on  the  working  face.  It  is  sometimes  considered  a  dis- 
advantage that  the  electric  safety  lamp  does  not  give  an  indication  of 
gas  as  does  the  oil  safety  lamp.  The  trend  of  opinion  in  England,  how- 
ever, is  toward  choosing  a  lamp  for  the  light  it  gives  and  to  use  some  other 
means  for  gas  indication.'  There  is  no  question  that  an  electric  lamp  pass- 
ing the  tests  of  the  U.S.  Bureau  of  Mines  will  give  more  light  on  the  work- 
ing face  than  any  of  the  three  previous  illuminants,  because  it  has  been 
scientifically  designed  with  that  end  in  view. 

Foreign  practice  has  shown  that  electric  light  costs  from  12c.  to  17c. 
per  lamp  per  week.  This  cost  is  about  twice  that  of  the  oil  safety 
lamp.  The  light  on  the  "face,"  however,  is  materially  increased  by  the 
use  of  the  electric  lamp.  One  foreign  electric-lamp  manufacturer  places 
the  cost  of  electric  light  at  23^^c.  per  lamp  per  shift.*  This  figure,  though 
it  seems  low,  can  well  be  realized  in  this  country  with  a  large  installation 
and  proper  care.  In  this  connection,  it  is  very  necessary  to  have  proper 
housing  and  proper  attention  for  electric  lamps — more  so  than  with  the  oil 
safety  lamps.     It  has  been  found  in  foreign  practice  that  this  care  and 

*  William   Maurice:  Electric  Handlamps  for  Collieries,  The  Electrician^  May  12, 

1911. 

F.  J.  Turquand :  Design  and  Maintenance  of  Miner's  Electric  Handlamp,  London 
Electric  Review^  March  6,  1914. 

»  Transactional  Institution  of  Mining  Engineers,  vol.  xlix,  part  1,  pp.  53  to  61 
(1914-1915). 
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attention  is  v^y  little,  if  any,  more  expensive  than  the  attention  that  is 
given  to  oil  safety  lamps,  even  though  more  expwnaive  help  is  needed,  be- 
cause fewer  men  are  required  to  care  for  the  electric  outfits.  This  country 
has  been  slow  in  taking  up  the  electric  lamp.  It  has  been  said  that  in 
Belgium  alone  there  are  12,000  outfits  in  use.  The  excellent  work  done 
by  the  U-  S.  Bureau  of  Mines  to  obtain  the  highest  efficiency  for  this  new 
source  of  illumination  has  accomplished  what  years  of  competition  among 
electric  mine-lamp  manufacturers  could  hardly  have  brought  about. 

The  application  of  the  principles  of  industrial  illumination  to  the  general 
lighting  of  mines  must  be  made  in  the  face  of  conditions  difficult  to  over- 
come.   In  fact,  all  the  conditions  the  ttluminating  engineer  considers  most 


Fia.  1. — Typical  Mine  Layout. 

difficult  are  present:  low  ceilings,  black  walls,  dust,  smoke,  and  dampness; 
but  in  epite  of  these,  very  satisfactory  results  have  been  obtained. 

An  ordinary  mine,  froma  lighting  standpoint,  can  be  considered  as  com- 
posed of  at  least  six  parts:  the  bottom,  the  run-around,  main  entry,  side 
entries,  mule  stables,  and  small  rooms,  such  as  offices,  pump  rooms,  stor- 
age rooms,  and  first-aid  rooms.  These  are  shown  diagrammatically  in 
Fig.  1  •  The  bottom,  being  the  entry  and  exit  for  bothmen  and  coal,  accom- 
modates more  traffic  than  any  other  part  of  the  mine  and  should  be  espe- 
cially considered  from  the  standpoint  of  both  convenience  and  safety. 
Fig.  2  shows  a  portion  of  a  well-illuminated  bottom  and  shaft  opening  of  a 
typical  mine.  The  lighting  of  the  shaft  in  this  case  was  accomplished  by 
the  use  of  40-watt  tungsten-filament  lamps  equipped  with  angle  reflectors, 
placed  above  and  across  the  shaft  opening  so  as  to  direct  the  hght  on  the 
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cages.  The  maxjinuin  intensity  is  at  the  near  edge  of  the  cage,  and  tiie 
eyes  of  the  workmen  on  the  side  of  the  shaft  toward  the  observer  are  not 
subjected  to  the  glare  of  the  lamps.  For  comparison,  Fig.  3  shows  this 
same  portion  of  the  mine  lighted  by  the  use  of  bare  carbon  lamps.    It  is 


PiQ.  2. — Wbll-Lioht&d  Shast  Boptom, 


FiQ.  3. — PooBLT  Lighted  Shaft  Bottou. 

readily  seen  that  the  distribution  is  not  of  the  best  and  also  that  the  glare 
of  the  bare  lamps  obscures  that  portion  of  the  mine  which  lies  beyond. 
These  illustrations  were  made  from  actual  photographs,  retouched  only 
enough  to  remove  the  halation  effects  of  the  bare  lamps.    The  photo- 
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graph  shown  in  Vig.  2  was  exposed  about  1  min.  as  against  15  min.  for  the 
one  in  Fig.  3. 

I  That  portion  of  the  bottom  leading  into  the  mine,  where  cars  are  di- 
rected on  to  the  cages,  can  be  well  lighted  with  40-watt  tungsten  lamps  in 
shallow  dome  reflectors  placed  above  and  between  the  tracks.  These 
units,  spaced  at  about  6-ft.  intervals  and  hung  about  8  ft.  above  the  floor, 
will  give  satisfactory  distribution  of  light.  It  will  be  noticed  from  Fig.  4 
that  the  car  wheels  are  well  illuminated  and  that  there  is  practically  no 
glare.  It  would  be  well  to  design  the  lighting  of  this  part  of  the  mine  on  a 
basis  of  4  to  5  foot-candles  at  the  floor,  not  because  the  work  demands  this 
intensity,  but  because  of  the  greater  safety  which  results  from  ample 


Fio.  4. — Properly  Illuminated  Entry. 

illumination  and  because  dust  collecting  on  the  lamps  and  reflectors  de- 
creases the  amount  of  light  delivered. 

The  run-around  should  require  only  sufficient  light  to  make  visible  any 
obstructions  in  the  path  of  the  empties  as  they  leave  the  cages.  This 
part  of  the  mine  may  be  illuminated  with  25- watt  tungsten  lamps  equipped 
with  shallow  dome  reflectors,  spaced  15  ft.  apart  and  suspended  8  ft.  above 
the  floor.  In  the  main  entry,  the  function  of  light  is  not  so  much  to 
illuminate  as  to  silhouette  objects  which  may  obstruct  the  passageway. 
With  silhouette  lighting,  a  comparatively  small  amount  of  light  is  needed 
to  obtain  the  effect  desired,  which  is  to  see  objects  outlined  against  some- 
thing that  is  lighted.  For  instance,  whitewashed  doors  or  walls  reflecting 
the  light  toward  the  observer's  eye  are  excellent  backgrounds  against 
which  objects  form  silhouettes  when  in  the  line  of  vision  of  the  observer. 
The  glint  of  the  light  on  the  rails  forms  another  good  surface  from  which 
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silhouette  lighting  may  be  obtained.  With  25-watt  tungsten  lamps  in 
shallow  dome  reflectors,  spaced  at  intervals  of  about  300  ft.,  the  height 
depending  upon  the  height  of  the  entry,  the  silhouette  lighting  is  excellent. 
Two  units,  one  to  illuminate  the  switch  and  the  junction  and  the  other 
illuminating  a  portion  of  both  the  main  and  side  entries,  help  to  eliminate 
collisions  and  by  the  increased  light  warn  the  trip  driver  that  his  train  is 
approaching  such  a  junction. 

The  mule  stables  with  their  low  roofs  may  be  effectively  Ughted  with 
40-watt  tungsten  lamps  equipped  with  angle  reflectors  placed  along  the 
back  wall  and  as  high  as  possible,  one  unit  to  each  two  stalls.  In  front 
of  the  stalls  and  opposite  the  angle  units,  25-watt  tungsten  lamps  with 
deep  bowl  reflectors  may  be  used  to  illuminate  the  feed  boxes  and 
passageway. 

The  mine  oflSces  need  but  one  25-watt  tungsten  lamp  equipped  with  a 
shallow  dome  reflector.  The  fireboard  at  the  bottom  should  be  well 
illuminated  with  one  or  more  25-watt  lamps  of  this  type  equipped  with 
angle  reflectors,  depending  upon  the  size  of  the  board,  while  the  pump 
rooms  and  storage  rooms  may  be  lighted  in  the  same  manner  as  offices. 


1-1 

Fig.  6. — Voltage  Record  op  Mine  Lighting  Circuit. 


The  first-aid  rooms,  in  order  that  the  best  attention  be  given  the  injured, 
should  not  only  be  well  lighted,  but  should  have  the  walls  well  white- 
washed, thereby  obtaining  well  diffused  and  distributed  light.  Frequent 
whitewashing  of  the  walls  of  the  bottom,  offices,  mule  stables,  etc.,  and 
the  walls  of  the  entries  for  20  ft.  each  side  of  the  units,  will  greatly  increase 
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the  illumination  in  these  parts  of  the  mine.  Carbon  lamps  are  most 
generally  used  in  mines,  but  to  keep  the  load  on  the  generator  as  low 
as  possible  and  maintain  the  most  constant  illumination  in  spite  of 
voltage  fluctuation,  and  to  direct  the  light  where  wall  and  ceiling  re- 
flection cannot  be  relied  upon,  tungsten-filament  lamps  with  weather- 
proof enameled  reflectors  will,  in  my  opinion,  be  found  most  satisfactory. 
It  may  be  interesting,  by  reason  of  the  high  voltage  usually  found  in 
mines,  and  its  fluctuation,  to  show  how  the  proper  voltage  for  a  lamp,  to 
secure  greatest  life  and  light,  is  determined.  A  recording  voltmeter  is 
connected  at  the  switchboard  on  the  terminals  of  the  switch  controlling 
the  lighting  circuit,  usually  the  trolley  line.  '  When  this  is  in  operation,  a 
carefully  calibrated  portable  voltmeter  is  connected  in  multiple  with  the 
recording  meter  and  a  section  of  the  chart  of  the  recording  meter  is  com- 
pared with  the  readings  of  the  calibrated  portable  meter.  Fig.  5  shows 
a  section  of  such  a  chart  and  the  calibrated  line.  This  chart  should  be 
taken  over  a  period  of  at  least  3  hr.  and  for  24  hr.  if  possible. 

Table  I. — Lamp   VoUages  for   Various  Line   Voltages.    Street-Railway 

Tungsten-Filament  Lamps, 


Average  Line  Voltages 

1 

Number  of  Lampe  in  Series 

Voltage  of  Individual  Lamp 

250 

1 

2 

120 

260 

2 

125 

270 

2 

130 

280 

2 

135* 

290 

2 

140* 

300 

3 

105 

325 

3 

105 

360 

3 

115 

400 

3 

130 

425 

1 

4 

105 

450 

4 

110 

475 

4 

115 

500 

4                        I 

120 

For  voltages  above  500,  use  five  lamps  in  series  as  on  street-railway  circuits. 
*  Special  lamps. 

Voltage. readings  are  then  taken  back  from  the  shaft  along  the  main 
entry  at  intervals  of  300  or  400  ft.  by  means  of  the  portable  meter,  the 
voltage  and  time  being  recorded.  A  study  of  the  chart  will  show  the 
average  voltage  over  the  period  taken.  A  comparison  of  the  chart  with 
the  voltage  readings  taken  back  in  the  mine  will  show  the  average  drop  in 
the  line.  From  the  average  voltage  obtained  from  the  chart  should  be 
subtracted  the  average  line  drop  obtained  from  the  readings  taken  in  the 
mine,  the  result  being  the  voltage  on  which  lamps  will  operate  to  give  the 
same  life  as  on  the  fluctuating  voltage  in  the  mine. 
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For  average  voltages  up  to  250  volts,  regular  multiple  lamps  should  be 
used.  For  average  voltages  from  250  up  to  280  volts,  there  is  a  choice  of 
burning  lamps  in  multiple  or  in  series.  The  best  practice  is  to  burn  two 
lamps,  carefully  selected  for  current,  in  series.  Such  lamps  can  readily 
be  obtained  and  are  known  as  street-railway  lamps.  For  voltages  above 
280,  the  proper  lamps  should  be  selected  for  series  burning.  Table  I 
lists  lamps  for  specific  voltages. 

A  recording  chart,  used  as  described  previously,  showed  a  Tnaxinuim 
voltage  variation  of  20  per  cent.  From  Fig.  6  it  will  be  seen  that  with  a 
10  per  cent,  reduction  in  voltage,  the  candlepower  of  the  carbon  lamps  is 
20  per  cent,  lower  than  that  of  the  tungsten  lamps.  Fig.  6  shows  that  the 
characteristics  of  the  tungsten  lamp  are  such  that  voltage  variation  does 
not  affect  candlepower  as  much  as  it  does  that  of  carbon  lamps. 
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Fio.  6. — Candle powBR  Chabacteristics  of  Incandbscbnt  Lamps. 


A  few  comparative  cost  figures  in  connection  with  the  problem  of  more 
efiicient  illumination  follow.  Consider,  for  example,  an  installation,  such 
as  illustrated  in  Fig.  1,  where  twenty-six  40-watt  tungsten  lamps  and 
reflectors  and  thirty-one  25-watt  tungsten  lamps  and  reflectors  are  to 
replace  the  same  number  of  32-cp.  and  16-cp.  carbon  lamps,  respect- 
ively. During  a  period  of  300  days,  at  10  hr.  a  day,  the  tungsten 
lamps  would  consume  about  5,440   kw-hr.,  while  the    carbon  lamps 
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would  consume  about  14,940  kw-hr.  With  the  cost  of  current  at  0.5c. 
per  kilowatt-hour,  the  saving  in  cost  of  power  with  the  use  of  tung- 
sten lamps  would  be  about  $50  a  year.  From  this  must  be  subtracted 
about  $17  for  the  difference  between  the  cost  of  the  carbon  lamps  and  the 
tungsten  lamps.  This  will  leave  about  $23  net  saving.  With  the  reflect- 
ors costing  $60,  the  installation  would  be  paid  for  in  three  years. 

These  figures  tend  to  show  that  if  dollars  and  cents  alone  were  consid- 
ered, it  would  be  more  profitable  to  use  the  higher  efficiency  lamps.  This 
is  even  more  marked  when  the  illumination  on  the  working  plane  is  con- 
sidered, because  with  the  use  of  reflectors  the  illumination  is  more  than 
double  that  obtained  with  carbon  lamps. 

There  are  many  other  places  where  special  applications  of  lighting 
would  tend  to  increase  efficiency  and  convenience;  for  instance,  trip- 
lights — now  as  a  rule  simply  oil  torches  on  the  end  of  the  train — could  be 
easily  replaced  by  small  storage-battery  outfits  showing  a  red  light. 
Locomotive  headlights  can  be  equipped  with  low-voltage  concentrated- 
filament  tungsten  lamps  in  parabolic  reflectors,  with  a  decrease  in  trouble, 
mcreased  light,  and  decreased  breakage  over  the  present  carbon  or  reg- 
ular tungsten  filament.  Two  30-volt,  100-watt  tungsten-filament  locomo- 
tive-headUght  lamps  can  be  burned  in  series  with  a  resistance.  The  loss 
in  current  through  the  resistance  is  a  small  factor  as  compared  with  the 
gain  in  steadiness  and  brilliancy  of  illumination  from  the  parabolic  head- 
lights. The  construction  of  this  lamp  is  such  that  maximum  strength  of 
filament  is  obtained,  which  is  an  essential  feature  where  the  service  is  as 
severe  'as  on  a  locomotive.  Another  possible  consideration  is  the  placing 
of  distinctive  lights  where  telephones  are  located,  or  where  first-aid  equip- 
ment may  be  obtained.  This  could  be  accomplished  by  the  use  of  red 
lights  on  the  power  circuit  installed  in  connection  with  a  small  primary- 
battery  system,  which  would  operate  a  miniature  lamp  in  place  of  the 
large  lamp  should  the  power  circuit  for  any  reason  fail.  This  system  has 
been  successfully  worked  out  in  theaters  where  the  same  principle  is 
involved. 

It  is  hoped  that,  from  the  few  figures  given  in  this  paper,  it  will  be  seen 
that  the  application  of  the  latest  scientific  knowledge  to  the  lighting  of 
mines  is  not  so  expensive  as  it  is  generally  thought  to  be,  and  should  be 
considered  as  a  means  of  increasing  safety,  bettering  working  condi- 
tions, increasing  production,  and  at  the  same  time  decreasing  the  cost  of 
operation. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in^rson  at  the 
New  York  meeting,  February,  1916,  when  an  abstract  of  the  piyser  will  be  read.  If  this  is  impossible, 
then  disoussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  disoussion  of  this  paper  will  dose  Apr.  1, 1916.  Any  discussion 
offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Evolution  of  Drilling  Rigs 

BY   R.  B.   WOODWORTH,*   PITTSBURGH,    PA. 
(New  York  Meeting,  February,  1916) 

Introduction 

In  the  sinking  of  bore  holes,  there  are  but  two  fundamental  operations 
— drilling  and  hoisting,7— which  determine  in  the  main  the  character  of 
drilling  mechanism  and  structures.  There  are  endless  ramifications, 
however,  in  the  execution  of  these  fundamental  operations,  according  to 
the  purposes  for  which  the  bore  holes  are  drilled,  their  maintenance  after 
completion,  the  protection  and  convenience  of  workmen,  etc. 

The  three  main  lines  of  use  for  bore  holes  are  in  mineral  exploration, 
the  sinking  of  water  and  salt  wells,  and  the  exploitation  of  petroleum  and 
natural  gas.  This  paper  has  to  do  more  especially  with  the  last.  Here 
again  there  are  many  divergences.  Wells  may  be  drilled  by  either  the 
percussive,  the  hydraulic,  or  the  abrasive  method.  Finally,  each  of  these 
methods,  as  applied  by  drillers  of  diverse  nationahties,  has  followed 
somewhat  different  lines  of  development.  The  American  system  of  cable- 
tool  drilling  has  perhaps  had  the  widest  application;  the  hydraulic 
rotary  is  also  in  extensive  use;  but  the  Canadian  system,  the  Galician 
system,  and  the  Russian  free-fall  system  all  have  their  points  of  recog- 
nized merit  and  are  preferred  by  operators  accustomed  to  their  use. 
These  differences  in  drilling  procedure,  which  rest  ultimately  on  essential 
variations  in  geological  conditions,  are  reflected  in  the  drilling  structures 
as  well  as  in  the  drilling  mechanism. 

The  purpose  of  the  present  paper  is  to  record  those  stages  in  the 
development  of  the  application  of  steel  to  the  construction  of  drilling 
mechanism  and  structures  with  which  the  writer  has  been  intimately 
associated,  and  to  contribute  to  the  history  of  the  art  of  drilling  other  data 
acquired  in  the  course  of  his  personal  investigations.  It  is  necessarily 
limited  by  reason  of  space  to  American  practice,  with  especial  reference, 
therefore,  to  the  cable-tool  system  and  the  hydraulic  rotary  method  of 
drilling  wells  for  oil  and  gas. 

*  Engineer^with  Camegie  Steel  Co. 
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Types  of  Drilling  Strtccturea 

With  these  Umitations  in  mind  we  may  now  proceed  to  discuss  the 
line  of  development  in  specific  types  of  drilling  structures.    It  should  be 
borne  in  mind,  however,  that  in  addition  to  the  methods  of  drUling  and 
hoisting  there  are  variations  in  other  features,  due  to  the  arrangement  of 
engines,  the  depth  and  size  of  wells,  the  character  of  strata  penetrated,  the 
preservation  and  maintenance  of  wells  after  completion,  the  means  taken 
for  the  convenience  and  protection  of  workmen,  and  for  the  prevention  of 
fire,  and  likewise  to  the  character  of  the  service  and  to  the  removal  and 
re-use  of  the  equipment.     Drilling  structures  are  conveniently  divided 
into  drilling  rigs  and  driUing  machines.     Drilling  machines  are  mounted 
on  wheels  and  are  intended  for  transportation,  by  their  own  motive  power 
or  otherwise,  from  point  to  point  without  dismantling,  and  their  essential 
feature  is  their  relatively  compact  character  and  their  portabiUty  as  units. 
Drilling  rigs  are  either  intended  to  remain  permanently  at  the  location  in 
which  they  are  first  placed,  or  may  be  removed  from  place  to  place  only 
by  resolution  into  their  component  parts  by  dismantling  and  by  some 
means  of  locomotion  other  than  their  own  power. 

Portable  drilling  machines  have  been  many  years  in  use  in  a  number  of 
types.  The  operating  parts  have  always  been  made  of  metal,  and  in  the 
conversion  of  their  frames  and  other  structural  parts  from  wood  into 
steel  the  line  of  development  has  been  exactly  parallel  with  that  of  other 
machinery.  These  machines  are  equipped  as  a  rule  for  shallow-well 
drilling  only,  though  in  a  number  of  instances  quite  deep  wells  have  been 
put  down  with  them.  This  paper  has  to  do  with  drilling  rigs  rather  than 
drilling  machines;  hence  the  latter  will  receive  incidental  mention  only, 
in  the  course  of  the  discussion. 

Again,  we  distinguish  between  a  drilUng  rig  and  an  outfit.  The  latter 
comprises  not  only  the  drilling  structure  but  also  the  tools,  engine,  boiler, 
ropes  and  other  accessories.  In  sinking  oil  and  gas  wells  by  contract,  it  is 
customary  for  the  owner  to  furnish  the  drilling  rig  and  the  casing,  while 
the  tools,  engine,  boilers  and  other  parts  of  the  outfit  are  furnished  by  the 
contractor. 

The  arrangement  of  the  various  parts  of  a  complete  drilling  rig,  as 
used  in  the  most  modern  deep-well  drilling  for  oil  and  gas,  is  shown  in  Fig. 
1,  which  exhibits  diagrammatically  the  ground  plans  of  the  three  types  of 
drilling  rigs  in  use  in  the  United  States  together  with  their  combinations. 

With  particular  reference  to  oil  and  gas  well  practice,  the  line  of  evo- 
lution in  drilling  structures  is  summarily  as  follows: 

1.  The  spring  pole  and  tripod. 

2.  The  braced  mast,  single  or  double. 

3.  The  four-legged  braced  wooden  derrick  intended  for  permanent 
use,  built  without  idea  of  removal. 


i 
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4.  The  four-legged  braced  wooden  derrick,  put  together  with  bolts  to 
permit  removal  and  re-erection. 

5.  The  pipe  derrick. 

6.  The  long-panel  structural  steel  derrick,  built  after  the  idea  of  what 
the  designer  thought  the  driller  ought  to  use. 

7.  The  short-panel  structural  steel  derrick,  built  as  nearly  as  possible 
along  the  lines  of  the  braced  wooden  derrick. 

8.  The  structural  steel  drilling  rig  complete,  with  machinery  sup- 
ports, wheels,  house  framing,  metallic  covering,  etc. 
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Sfanchrc/  Combinofion  Rig 
One   Engine 

Fig.  1. — Drilung  Structures  for  Oil  and  Gas  Wells. 

TioN  OF  Operating  Mechanism. 


Caitfornta  Comb/ncrtion  Rig 
Tno  Engines 

Differences  in  Loca- 


Our  discussion  will  follow  this  division,  based  on  the  mast  or  derrick  as 
the  most  outstanding  and  essential  structural  feature,  but  will  also 
deal  with  incidental  details  of  operating  mechanism,  so  far  as  they  are 
pertinent. 

If  in  the  treatment  of  steel  derricks  and  drilling  rigs  the  writer  refers 
most  largely  to  designs  made  under  his  supervision  and  executed  by  the 
company  with  which  he  is  associated,  it  is  because  this  company,  while 
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not  the  pion^r  in  the  manufacture  of  structural  steel  derricks  in  thi* 
United  States,  is  today  the  only  manufacturer  in  a  persistent  and  sys- 
tematic way.  It  is  also  true  that  the  complete  steel  drilling  rig  was  first 
designed  by  the  writer  and  manufactured  by  that  company  and  the 
development  of  the  steel  drilling  rig  in  the  United  States  is,  therefore,  a 
record  of  the  improvements  in  manufacture  introduced  by  that  company 
under  the  supervision  of  the  writer  and  his  superiors  and  assistants  in 
office  and  shops,  with  such  further  collaboration  and  assistance  as  he  has 
been  able  to  obtain  from  the  officials  of  the  Oil  Well  Supply  Co.  and  like 
companies  with  whom  in  the  first  instance  he  co-operated.  The  reader 
will  pardon,  therefore,  any  note  of  commercialism  there  may  be  in  state- 
ments intended  solely  as  the  record  of  a  structural  development. 

I.  Spring  Pole  and  Tripoi? 

The  records  of  well  drilling  in  the  United  States  begin  in  1806,  when 
the  first  recorded  artesian  well  put  down  in  the  United  States  was  drilled 
for  salt  by  David  and  Joseph  Ruff ner  at  the  Salt  or  Buffalo  Lick  near 
Charleston,  W.  Va.,  in  the  Kanawha  Valley,  an  account  of  which  will 
be  found  in  Vol.  lA  of  the  West  Virginia  Geological  Survey. 

1.  Spring  Pole  and  Tripod 

Their  original  supply  of  brine  came  from  shallow  pits  and  the  flow  was 
more  or  less  weakened  by  the  presence  of  surface  water.  It  occurred  to 
them  to  drill  wells  to  rock,  and  thus  obtain  a  purer,  stronger  supply,  just 
as  in  later  days  it  occurred  to  George  H.  Bissell  to  abandon  the  shallow 
pits  from  which  oil  was  skimmed  at  Titusville  and  tap  the  source  with  a 
well.  A  study  of  these  two  events  will  serve  to  demonstrate  the  analo- 
gous character  of  the  conditions.  The  salt  wells  were  the  pioneers  of  the 
oil  and  gas  industry. 

The  appliances  of  David  and  Joseph  Ruffner  were  most  simple. 
Their  walking  beam  was  a  spring  pole  mounted  on  a  forked  stick  of  wood. 
Their  bits  were  2)-^  in.  in  diameter,  quite  primitive  in  construction,  and 
attached  to  the  end  of  the  pole  by  a  rope.  Their  tubing  consisted  of  two 
long  strips  of  wood  whittled  in  half  tubes  and  wrapped  with  twine.  Their 
conductor  was  a  straight  well-formed  hollow  sycamore  gum,  4  ft.  in  internal 
diameter,  sunk  to  rock  in  a  shallow  pit.  Yet  the  essential  features  of  all 
subsequent  development  in  the  cable  system  of  deep-well  drilling  were 
present.  Jan.  15,  1808,  on  which  day  they  drilled  into  the  salt  sand,  is  a 
record  date  in  the  art  of  drilling  wells. 

The  first  well  drilled  for  oil  was  the  Drake  well,  sunk  by  hand  in  1859; 
but  the  next  three  or  four  wells  drilled  in  the  mad  rush  which  followed 
were  "kicked"  down  with  the  aid  of  spring  poles,  as  were  hundreds  later 
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io  shallow  territory.  Thia  method,  as  described  by  J.  J.  McLaurin  in 
Sketches  in  Crude  Oil,  second  edition,  1898,  afforded  a  means  of  develop- 
ment to  men  of  limited  means  with  heavy  muscles  and  light  purses.  An 
elastic  pole  of  ash  or  hickory  12  to  20  ft.  long  was  ff^tened  at  one  end  to 
work  over  a  forked  stick  or  other  fulcrum.  To  the  other  end  stirrups 
were  attached  or  a  tilting  platform  was  secured  by  which  two  or  three  men 
produced  a  jerky  motion  that  drew  down  the  pole,  its  elasticity  pulling  it 
back  with  sufficient  force,  when  the  men  slackened  their  hold,  to  raise  the 
tools  a  few  inches.  The  principle  resembled  that  of  the  treadle  board  of  a 
sewing  machine.  Fig.  3,  redrawn  from  McLaurin,  p.  76,  illustrates  the 
essential  features  but,  like  many  other  similar  sketches,  it  fails  to  show  the 
hoisting  equipment  which  was  indispensable  even  at  such  wells. 


Fig.  2. — Spring-Pole  Dkiluno  Method  used  by  Jobard  at  Brussels,  1828. 
(Tecklenburo,  Vol.  IV,  Pl.  II.) 

It  is  true  that  the  3-in,  sand  pump  referred  to  by  McLaurin  could  be 
hoisted  by  hand  from  a  considerable  depth;  but  it  is  obvious  that,  with 
the  exception  of  the  most  shallow  wells,  there  must  have  been  some  means 
of  hoisting  provided.  W.  H.  MacGarvey,  of  Vienna,  intimately  cod- 
nected  with  the  establishment  of  the  petroleum  industry  in  Canada,  and 
one  of  the  founders  of  the  great  Galician-Carpathian  Petroleum  Corpora- 
tioD,  who  has  done  perhaps  more  than  any  other  single  man  to  develop 
the  Canadian  and  Galician  methods  of  drilling,  has  given  us  an  exact 
description  in  the  preface  to  J.  D. .  Henry's  Oil  Fields  of  the  Empire. 
Fig.  4,  taken  from  this  work,  shows  in  addition  to  the  spring  pole  the  lower 
portion  of  the  tripod  with  the  hoisting  windlass.     Mr.  MacGarvey  says: 
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"  The  early  methods  were  exceedingly  primitive,  &nd  at  the  preaent  time  many  of  ua 
wonder  how  with  euch  poor  material  auch  splendid  pioneering  results  were  secured. 
The  first  method  of  drilling  in  Oil  Springs  was  by  means  of  a  spring  pole.  The  proceae 
of  putting  down  a  well  was  slow  and  laborious,  and  many  months  were  necessarily 
spent  in  drilling  a  well  to  a  depth  which  at  the  present  time  would  occupy  two  or 
three  days.  The  first  great  Canadian  apouter,  the  celebrated  Shaw  well,  was  drilled 
by  this  method." 

According  to  publications  dealing  with  this  class  of  work  and  descrip- 
tive of  operations  in  Canada,  Ohio,  New  Zealand  and  elsewhere,  the 
spring  pole  as  a  means  of  drilling  oil  wells  disappeared  about  1866.  Its 
disappearance  was  due  beyond  question  to  the  introduction  of  steam  as  a 
prime  mover  and  the  development  of  the  portable  drilling  machine  for 
the  shallower  weils.     An  excellent  idea  of  the  change  and  the  reasons 


Fia.  3.— Spriko-Pole  Driluno  Method.     (McLadrin,  p.  76.) 

therefor  is  given  by  the  description  of  the  early  wells  drilled  in  New 
Zealand  contained  in  J.  D.  Henry's  book  entitled  Oil  Fields  of  New 
Zealand,  1911.  It  was  seven  years  after  Colonel  Drake  drilled  the  first 
well  at  Titusville  that  the  New  Zealand  pioneers  began  their  search  for 
oil  with  the  inferior  spring-pole  tools  of  that  day.  The  first  well  was  sunk 
by  Messrs.  Carter,  Smith,  Scott,  and  Ross,  operating  as  Carter  &  Co.,  at 
the  root  of  the  breakwater  of  Moturoa.  On  Mar.  17,  1866,  the  men  had 
reached  the  depth  of  60  ft.  by  shaft,  but  the  bottom  of  the  shaft  began  to 
feel  so  shaky  that  they  decided  to  continue  their  well  by  boring.  Spring 
pole  and  tripod  were  taken  down  and  a  four-legged  derrick  erected;  and 
boring  began  at  the  end  of  1866.  The  derrick  bore  the  placard  "  To  Oil  or 
London,"  and  the  well  was  put  down  to  a  depth  of  300  ft. 
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The  Peoples  Petroleum  Co.  began  the  second  or  Beta  well  about  500 
yd.  from  the  Carter  or  Alpha.  A  i-iii.  hole  was  sunk  516  ft,  by  spring 
pole  and  tripod,  which  bore  the  legend  "To  Oil  or  Ekiinburgh,"  and  the 
well  was  named  Victoria  Well.  Both  wells  were  afterward  taken  over 
and  deepened  by  the  Taranaki  Petroleum  Co. 

It  may  be  noted  in  passing  that  these  early  wells  were  unsuccessful  and 
that  the  first  real  oil  produced  in  commercial  quantities  came  from  the  No. 
1  (Birthday)  well  of  the  Taranaki  Petroleum  Co.,  Ltd.,  completed  on  Sept. 
24,  1906,  to  a  depth  of  2,345  ft.  A  steel  derrick,  said  to  be  the  only  one 
then  in  New  Zealand,  was  over  this  well  at  the  time  of  Mr.  Henry's  visit 
in  1910.  Early  efforts  to  reach  oil  undoubtedly  failed  of  success  because 
of  the  inability  of  the  operators  to  sink  to  the  real  oil-bearing  strata. 


FiQ.  4.— Sprino-Polb  Drillimo  Method.     (W.  H.  MacGarvby.) 

It  must  not  be  imagined,  however,  that  the  principle  of  the  spring  pole 
based  on  its  resiliency  has  disappeared  from  the  art  of  drilling.  In  the 
fifth  edition  of  a  text-book  on  Coal  Mining  by  Hubert  W.  Hughes,  London, 
1904,  will  be  found  on  p.  17  the  statement: 

"Inourcoaldistricta  the  vibratory  movement  is  often  given  to  the  rods  by  the  use 
of  the  spring  bar,  which  coniiiete  of  a  wooden  pole  having  one  end  fixed  to  the  ground,  a 
fulcrum  placed  further  on,  and  the  rods  attached  to  the  other  end.  The  blow  is 
struck  by  depressing  the  beam,  the  rods  being  raised  by  the  elasticity  of  it.  The 
lengths  of  the  parts  on  each  side  of  the  fulcrum  are  usually  1  to  3  or  S.  For  shallower 
holes  the  axis  may  be  fixed,  but  for  deeper  ones  it  must  be  movable.  An  elaboration 
of  this  method  consists  in  the  employment  of  two  spring  poles.  The  first  is  from  60  to 
70  ft.  long  fastened  at  one  end  and  at  two-thirds  of  its  length  from  the  fixed  point  it 
rests  on  an  upright.  To  the  other  end  are  fixed  two  cross  bars  which  the  workmen 
press  down  on  to  a  second  spring  pole,  thus  producing  a  dancing  movement.  Between 
the  uprights  and  the  cross  beams  ia  attached  a  hook,  from  which  the  boring  tools  are 
hung  in  the  usual  manner." 
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The  first  edition  of  this  book  appeared  in  1892  and  it  may  be  that  the 
practice  referred  to  was  current  at  that  date;  in  any  event,  it  was  not 
considered  obsolete  when  the  fifth  edition  was  printed. 

Moreover,  the  principle  is  now  employed  in  connection  with  the  boring 
system  exploited  by  John  R.  Thom,  manufacturer  of  boring  plants  at 


Pto.  5. — Walking  Beam.     Thom  Enqlibh  Drillinq  Ststbu. 


Patricroft,  England,  as  is  shown  by  Fig.  5,  re-drawn  from  a  recent  cata- 
logue. The  hoisting  frame  used  in  connection  with  this  system  is  a  tripod 
with  windlass  mounted  across  two  of  the  legs,  and  a  sheave  hung  from  the 
top.    This  method  of  hoisting  is  identical  with  that  still  to  be  found  in 


Fig.  6. — Miniho  Shaft  Tripod,     (R.  A.  8.  Rbdmatnb.) 

present  mining  practice,  as  shown  in  Fig.  6,  taken  from  R.  A.  S.  Red- 
mayne's  Modem  Practice  in  Mining,  Vol.  I,  London,  1908,  p.  84,  which  is 
reproduced  here  as  exhibiting  the  general  resemblance  of  driUing  methods 
whether  employed  in  mineral  exploration  work  or  in  the  sinking  of  wells. 
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The  Thorn  system  haa  found  quite  a  wide  application.  In  Vol. 
XXIV  of  the  Petroleum  Remcw  (1911),  for  example,  will  be  found  a  repro- 
duction of  the  structure  used  on  Plot  233  of  the  Maikop  Oil  Proprietary 
Co.,  Ltd.,  and  on  Plot  65  of  the  Maikop  Co-operative  Petroleum  Co., 
Ltd.  In  connection  with  the  latter,  it  is  to  be  noted  that  drilling  was 
begun  by  hand,  and  that  boring  contractors  in  that  field  were  surprised 
at  the  rapidity  with  which  wella  could  be  sunk  by  the  Thom  system. 

2.  Chinese  Drilling  M^hods 

It  ha^  long  been  known  that  the  art  of  sinking  wells  for  salt  by  drilling 
had  reached  a  fair  state  of  development  in  China  by  the  year  1700,  and 
that  various  travelers  in  that  country  had  been  much  impressed  with 


Fio.  7. — CaiNGSE  Drilunq  Method  per  Tecklxnbdrq. 

the  ingenuity  exercised  in  this  art  by  the  natives.  Before  the  date 
named,  Chinese  in  the  district  of  Wu-Tung-Kiao  had  sunk  over  10,000 
wells  to  depths  of  560  m.,  some  even  to  1,242  m.  Von  Richthofen  nar- 
rates that  the  Chinese  in  the  province  of  Ssu-Chan  had  drilled  several 
thousand  bore  holes  and  had  found  salt  strata  at  600  m.  and  gas  at  900  m. 

Some  rather  fanciful  descriptions  have  been  published  in  the  semi- 
technical  journals.  One  is  recalled,  in  which  the  Chinese  coolies  are  de- 
picted as  running  up  over  a  spring  board  and  jumping  therefrom  with 
great  glee  as  if  the  business  of  drilling  wells  were  recreation  rather  than 
sober  industry.  Fig.  7,  taken  from  Tecklenburg's  Handfmch  der  Tiefbokr- 
kunde,  Vol.  IV,  Plate  II,  is  doubtless  a  more  correct  representation.  It 
will  be  noted  that  the  spring  pole  was  counterweighted,  and  that  the 
hoisting  was  done  by  a  sheave  suspended  from  a  cross  beam  carried  on  a 
three-legged  frame,  the  rope  being  wound  around  a  windlass. 

The  moat  recent  description  of  the  petroleum,  gas,  and  brine  well&  of 
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Ssu-Chan,  based  on  an  original  article  by  Louis  Coldre,  ap|>eared  in  the 
December  (1914)  number  of  Western  Engineering,  published  at  San  Fhin- 


FiG.  S. — Chinbbb  DaiLLiNo  Method  peb  Coldbe.     Stabtinq  Dbilumg- 

cisco,  and  is  well  worth  careful  study.    It  indicates  very  great  skill  on 
the  part  of  the  Chinese.    Fig.  8,  taken  from  this  paper  by  courtesy  of  the 


RsonLAB  Dbiluho 


editor,  illustrates  the  methods  of  use  when  the  wells  are  begun,  and  Fig. 
9  the  usual  routine  of  regular  well-drilling  operations.    When  the  well  is 
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started,  hoisting  is  done  by  a  roller  carried  at  the  top  of  two  forked  poles. 
When  the  drilling  has  progressed  to  a  considerable  depth,  additional 
poles  are  run  up  and  braced  to  carry  the  crown  sheave  placed  over  the 
header  beam  at  the  top.  The  line  is  carried  down  to  a  vertical  sheave, 
and  thence  to  a  horizontal  drum;  and  the  string  of  tools  is  suspended  from 
the  end  of  a  lever  made  of  a  thick  plank.  This  is  so  adjusted  that  the 
lever  is  horizontal  when  the  bit  just  touches  the  bottom  of  the  hole. 
The  four  workmen  then  jump  on  the  plank,  depressing  it  and  raising  the 
bit  a  couple  of  feet.  When  they  jump  back  on  the  side  benches,  the  bit 
falls.  By  jimiping  two  at  a  time  and  passing  from  one  side  to  another 
the  men  are  able  to  drill  at  the  rate  of  12  to  15  strokes  per  minute.  The 
double-tripod  derrick,  if  it  may  be  so  called,  is  built  of  bamboo  and  guyed 
with  hemp  ropes.  The  equipment,  while  simple,  embodies  the  necessary 
mechanical  features  and  is  structurally  adequate. 

3.  Present  Use  of  Tripod 

fl 

As  already  noted,  the  tripod  is  in  modern  use  in  the  Thom  system  of 
boring.  Probably  its  widest  use  is  in  connection  with  mineral  explora- 
tion work,  and  the  characteristic  feature  of  the  modern  exploration  outfit 
as  used,  for  instance,  on  the  iron  ranges  of  Minnesota,  is  a  portable  drill- 
ing machine  with  a  hoisting  equipment  consisting  of  a  three-legged  frame 
supporting  a  sheave  at  the  top  and  carrying  a  windlass.  Such  tripods 
are  used  in  heights  of  18  and  23  ft.,  for  example,  in  connection  with  the 
No.  G  drilling  machine  manufactured  by  the  IngersoU-Rand  Co.  They 
may  be  built  of  wood  or  of  steel  pipe.  For  deeper  drilling,  however,  the 
four-legged  derrick  is  employed. 

The  tripod  was  observed,  some  five  or  six  years  ago,  in  extensive  use 
in  the  Lima  fields  for  the  ordinary  routine  of  pulling  the  tubing,  and  the 
cleaning  of  producing  wells.  It  was  made  in  heights  of  from  30  to  40  ft. 
In  1907  designs  were  made  for  a  40-ft.  triangular  derrick  to  be  constructed 
of  steel  for  use  along  the  same  lines. 

Bansen  in  Das  Tiefbohrwesen,  Berlin,  1912,  p.  274,  illustrates  a  tri- 
angular boring  tower  which  is  in  ordinary  and  regular  use  by  the  General 
Exploration  Co.  in  connection  with  its  large  diamond-drilling  machine. 
This  tower,  built  of  steel  pipe,  five  panels  in  height,  is  double  tapered, 
the  apex  panel  being  drawn  in  very  quickly  to  a  point  under  which  the 
single  large-diameter  sheave  is  suspended.  This  type  of  drilling  tower 
is  said  to  be  used  in  sinking  wells  to  1,200  m.  in  depth. 

II.  Braced  Mast 

If  the  tripod  is  the  simplest  device  for  raising  heavy  weights  in  more 
or  less  permanent  situations,  the  braced  mast  is  the  most  convenient  in 
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connection  with  portable  or  semi-portable  drilling  equipment.  The  uses 
of  the  braced  mast  go  back  to  the  very  beginning  of  the  art.  It  is  im- 
practicable to  trace  their  history  in  detail;  and  only  the  main  line  of 
present-day  equipment  will  be  considered  here.  This  has  two  branches: 
first,  the  mast  in  single  stick,  or  built  up  and  supported  on  the  drilling 
frame,  the  whole  structure  being  mounted  on  wheels  and  intended  for 
transport  by  its  own  or  other  power  (portable  drilling  machine);  and 
second,  the  braced  mast,  usually  built  up  in  parts  and  supported  on  a 
solid  foundation,  the  mast  being  in  many  cases  independent  of  drilling 
mechanism  (semi-portable  drilling  machines). 

1.  Portable  Drilling  Machines 

It  was  several  years  after  the  sinking  of  the  Drake  well  before  engines 
and  boilers  were  designed  especially  for  the  superior  strain  of  drUUng  and 
handling  oil  wells  and  thus  suitable  for  standard-rig  drilling.  The  Wood 
and  Mann  portable  outfit,  in  which  the  small  engine  was  mounted  upon 
the  boiler,  was  the  popular  type  for  the  shallow  territory  adjacent  to  Oil 
Creek,  Pa.  One  of  these  was  the  cause  of  the  great  fire  in  Cherry  Rim 
Valley  above  Rouseville  in  1866  {Romance  of  American  Petroleum  and  Gas, 
Vol.  I,  p.  125,  1911). 

Among  the  earliest  manufacturers  in  this  line  was  the  Pierce  Well 
Excavator  Co.,  with  machines  worked  out  about  1880  to  1890,  as  pictured 
by  Tecklenburg,  Vol.  IV.  These  were  arranged  for  transport,  and  also 
for  operation,  by  horse-power.  The  mast,  braced  back  to  the  machine 
by  two  braces,  carried  a  drilling  pulley  at  its  extreme  top,  and  a  sand-line 
pulley  part  way  up.  Drilling  was  done  by  cable  without  walking  beam. 
About  1890,  the  appearance  is  noted  of  that  type  of  drilling  machine 
usually  associated  with  the  name  Star,  and  manufactured,  according  to 
Tecklenburg,  by  Gould  and  Austin,  with  the  observation  that  the  chief 
purpose  of  this  very  effective  apparatus  was  to  bore  for  water  in  the  drj-, 
treeless  plains  of  Western  North  America.  The  first  condition  was, 
therefore,  to  replace  the  high  timbered  boring  tower  by  an  easily  trans- 
portable and  yet  solid  boring  mast.  These  machines  were  suitable  for 
depths  of  450  m. 

a.  Side  Walking  Beam,  Center  Post, — The  drilling  machines  made  by 
the  Star  Drilling  Machine  Co.,  Akron,  Ohio,  embody  today  the  same 
essential  features  of  a  single  center  mast  braced  to  the  side  of  the  structure, 
and  a  walking  beam  supported  at  the  side  of  the  machine,  the  whole 
mounted  on  a  wooden  frame,  which  carries,  in  addition,  the  operating 
machinery,  boiler  and  engine,  and  is  transportable  on  its  own  wheels. 
These  machines  are  made  for  horse  transportation  or  are  self-tractors. 
In  the  smaller  machines,  made  without  walking  beam,  drilling  is  done 
by  spudding  with  a  jerk  line  drawn  over  the  crown  pulley  (see  Fig.  10). 


THB  EVOLUTION  OF  DRILLINO  BIOS 


Fio.  10.— St*e  DurLUNO  Machine.     Heavt  Sbbvicb  Teactob. 


ss-Beam  Driller. 
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The  same  structural  features  appear  aUo  in  the  Keyetooe  driller, 
manufactured  by  the  Keystone  Driller  Co.,  Beaver  Falls,  P8.,-though  in 
the  larger  machines  of  this  type  the  mast  is  not  set  on  the  frame  but  is 
placed  on  a  footing  piece  on  the  ground,  or  on  the  floor  framing  of  the  well. 

b.  Side  Post,  Center  Walking  Beam. — The  St.  Louis  Well  Machine 
&  Tool  Co.,  St.  Louis,  Mo.,  established  about  1880,  makes  a  drilling  ma- 
chine in  which,  as  contradistinguished  from  the  Star,  the  walking  beam  is 
mounted  on  the  center,  while  the  mast  is  placed  on  the  side  of  the  machine. 
The  masts  are  usually  built  of  wood,  and  the  machines  are  made  under 
the  Robbins  patent  (see  Fig.  11). 

c.  Braced  Mast,  Center  Walking  Beam. — This  type  of  construction  is 
an  extension  of  the  preceding  one,  and  differs  therefrom  in  that  the  mssi 


Fig.  12. — Cr clone  Double- Beam  DniLtJiit. 

is  now  of  the  full  width  of  the  machine  and  the  walking  beam  is  suspended 
on  stirrups,  carried  by  a  cross  beam  or  suspended  from  the  mast  legs. 
This  type  of  suspension  is  employed  in  the  National  mounted  drilling 
machine.  The  Cyclone  driller,  manufactured  by  the  Cyclone  Drill  Co., 
Orrville,  Ohio,  is  in  quite  extensive  use  in  all  kinds  of  shallow-well  drilling. 
mineral  exploration,  etc.  The  deep-well  drilling  machine  manufactured 
by  this  company  has  double  standard  beams.  These  beams  are  sup- 
ported on  a  samson  post  carried  on  the  machine  frame  and  reciprocate 
within  the  legs  of  the  braced  mast.  The  temper  screw  is  hung  from  a 
cross  bar,  fastened  to  the  outer  end  of  the  beams  (see  Fig.  12). 

d.  Braced  Mast,  Side  Walking  Beam. — The  American  Well  Works. 
Aurora,  111.,  was  established  in  1868  by  M.  T.  and  M.  C.  Chapman,  wdl- 
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known  names  in  the  invention  of  drilling  machinery,  particularly  the 
rotary.  Many  styles  of  drilling  machines  are  made  by  this  company, 
most  of  them  utilizing  the  jerkrline  method  of  drilling  rather  than  the 
walking  beam.  In  the  American  double  walking  beam  rock-drilling 
machine,  however,  the  walking  beam  is  made  double,  the  mast  placed 
within  it,  and  reciprocating  motion  imparted  by  two  pitmans,  one  on 
each  side  of  the  machine.  This  machine  is  made  in  two  sizes  and  will 
drill  8-in.  holes  to  1,000  ft.  The  lai^est  machines  are  made  with  steam- 
driven  tractors  (see  Fig.  13). 


FiQ.  13. — American  Doublb  Walkino  Beam  Rock-Drilling  Machine. 

The  present  Oil  Well  Supply  Co.  was  organized  in  1891  and  is  a  con- 
tinuation in  lineal  succession  of  the  business  established  in  1867  by  John 
Eaton,  who  is  said  to  be  the  father  of  the  oil-well  supply  business.  The 
portable  drilUng  machine  manufactured  by  this  company  is  the  Columbia 
driller,  formerly  known  as  the  Glenn  driller,  and  is  covered  by  patent 
No.  472,619,  issued  to  H.  S.  and  C.  E.  Glenn,  Apr.  12,  1892,  with  later 
patents  covering  improvements.  It  is  an  all-metal  machine.  The  mast 
is  made  of  steel  channels  latticed  together  and  to  the  full  width  of  the 
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machine  at  the  bottom,  and  the  walking  beams,  built  plate-girder  fashion, 
are  reciprocated  by  double  pitmana  outside  of  the  mast.  The  No,  10 
Columbia  weighs  18,000  lb.  without  boiler,  and  has  a  normal  capacity 
of  2,500  ft.  The  No.  1  or  Columbia  Junior  drilling  machine  is  intended 
for  water  wells,  test  bores  or  bla,st  drills,  and  while  made  with  a  doubl^ 
braced  mast,  is  without  walking  beam  (see  Fig,  14). 

e.  The  Modem  Self-Tractor  Drilling  Machine. — The  essential  features 
of  this  type  are  shown  in  patent  No.  295,413,  issued  Mar.  18,  1884,  to 
James  Gillott  Martia,  of  Bradford,  Pa.  The  object  of  his  invention  b 
to  provide  a  drilling  machine  capable  of  conversion  into  a  traction  engine, 
by  which  the  machinery  may  be  moved  in  smooth  or  moderately  hilly 
country.  Indications  in  the  description  of  this  patent  give  approximately 
the  date  of  the  substitution  of  steam  for  horse-power  in  transportation. 


Fia.  14. — Columbia  Driller  No.  10.    Lower  Pabt  of  Mast  Only  Shown. 

2.  Semi-Porlable  DriUing  Machines 

A  semi-portable  drilling  machine  was  patented  by  I.  Overall,  Mar.  14, 
1828,  utilizing  the  braced  mast  with  top  crown  pulley  as  the  means  of 
hoisting.  Quite  a  number  of  the  modern  methods  in' operation  are  to  be 
seen  in  patents  Nos.  46,673  and  47,729,  issued  in  1865  to  Walter  Hyde, 
of  New  York,  and  attention  should  also  be  called  to  the  improved  rock 
drill  patented  by  J.  D.  Dale,  of  Rochester,  Feb.  27,  1866,  No.  52,827; 
also  patent  No.  125,355,  issued  Apr.  2, 1892,  to  Fred  S.  Ward  and  Emmert 
Cooper,  of  Theresa,  N.  Y.  TMs  device  is  particularly  significant  from 
the  fact  that  it  employed  a  horse  treadmill  as  motive  power.  Further 
improvements  were  made  in  patents  Nos.  257,766  and  257,767,  issued  to 
Oscar  Rust,  of  St.  Joseph,  Mo.,  May  9,  1882. 

It  is  believed,  however,  that  the  semi-portable  drilling  rig  of  the  pres- 
ent owes  more  to  George  Corbett,  of  Bradford,  Pa.,  than  to  any  other 
single  person.    Patent  No.  385,241,  issued  to  him  June  26, 1888,  discloses 
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a  braced  mast  resting  on  a  solid  footing  and  carrying  on  its  top  a  single, 
sheave  pulley  for  cleaning  purposes  and  about  half  way  up  a  larger  pulley 
for  spudding.  It  may  be  noted  in  passing  that  George  Corbett  is  re- 
sponsible for  improvements  in  the  standard  drilling  rig  used  witn  the 
four-legged  braced  tower,  for  instance  as  disclosed  in  patent  No.  216,259, 
issued  June  10,  1879.  It  is  also  to  be  noted  that  this  same  gentleman  is 
responsible  for  the  original  design  of  the  bobtail  rig  mentioned  in  discuss- 
ing the  special  development  of  the  steel  drilling  rig.  The  walking-beam 
rig  ordinarily  called  a  Corbett  rig  is  disclosed  in  patent  No.  396,544,  is- 
sued Jan.  22,  1899,  which  shows  in  a  general  way  a  type  which  has  come 
into  very  extensive  use  and  consists  of  a  wooden  mast  carrying  two 


Fia.  15. — Corbett  Semi-Portable  Rig. 

balanced  crown  pulleys  at  its  top,  attachments  for  sand  lines,  and  a 
double-braced  stiflF-legged  pedestal.  The  band  wheel,  bull  wheel,  and 
sand  reel  are  mounted  on  their  own  separate  truck.  The  engine  is  sepa- 
rated from  the  other  parts  of  the  drilling  mechanism.  The  band  wheel 
is  driven  by  a  belt  from  the  engine.  The  sand  reel  is  operated  by  friction 
applied  by  lever;  the  bull  wheel  is  also  operated  by  friction  or  by  a  chain 
and  clutch  (see  Fig.  15). 

The  Corbett  rig  was  never  buQt  for  wells  much  over  'l,000  ft.  in 
depth,  but  for  shallow  wells  it  came  into  extensive  use,  which  continues 
down  to  the  present  time. 

The  National  portable  drilling  rig,  manufactured  by  the  National 
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Supply  Co.,  Toledo,  Ohio,  and  Pittsburgh,  Pa.,  is  a  development  of  the 
Corbett  rig  and  is  constructed  under  the  improvements  covered  by  Clyde 
Selwyn  Wright,  Quaker  City,  Ohio,  in  patent  No.  737,545,  dated  June  13, 
1903.  The  National  Supply  Co.  was  organized  in  1894,  succeeding  Shaw, 
Kendall  &  Co.,  and  the  Buckeye  Supply  Co.,  which  had  been  continu- 
ously engaged  in  this  line  of  manufacture  since  previous  to  1880.  The 
No.  2  National  driller  can  be  depended  on  to  drill  wells  2,500  ft.  in  depth. 
It  is  built  with  a  mast  60  ft.  high,  39  in.  wide  at  the  base,  in  three  seo- 
tions.  These  masts,  while  furnished  in  wood,  have  also  been  made  in 
structural  steel.  The  National  mounted  drilling  machines  made  by  the 
same  company  embody  the  same  essential  structural  features  (see  Fig.  16). 
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Fig.  16. — National  Portablb  Drilling  Rig. 


The  same  type  of  rig,  known  by  the  trade  name  of  the  St.  Louis 
drilling  rig,  Rourke  patent,  is  made  by  the  St.  Louis  Well  Machine  4 
Tool  Co.,  in  accordance  with  patent  No.  705,791,  issued  July  29,  1902,  to 
James  Rourke,  of  Parkersburg,  W.  Va. — with  this  diflference,  that  in  the 
National  driller  the  walking  beam  is  suspended  between  the  legs  of  the 
mast,  whereas  in  the  St.  Louis  drilling  rig  it  is  mounted  on  its  own  inde- 
pendent samson  post. 

A  machine  of  analogous  character  is  that  known  as  the  Parkersburg 
chain-drrlling  machine,  which  is  made  with  a  mast  58  ft.  high  and  is 
capable  of  drilling  wells  2,000  ft.  or  more  in  depth.  The  operating 
mechanism,  walking  beam,  and  band  wheel  of  this  rig,  mounted  on  the 
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same  kind  of  frame,  may  also  be  used  with  a  standard  four-Iegged  bolted 
derrick  and  when  so  used  is  known  as  the  Parkersburg  bull-rope  drilling 
machine.  The  chain-drilling  machine  made  by  the  Parkersburg  Rig  & 
Reel  Co.  was  introduced  about  1902. 

A  noteworthy  drilling  rig  of  the  same  general  character  (patent  No. 
668,209,  Feb.  19,  1901,  to  Charles  Denio  Pierce,  of  Jersey  City,  N.  J.) 
need  not  detain  us  further  here  except  to  note  that  the  braced  mast  was 
to  be  constructed  of  structural  steel  and  the  walking  beam  was  to  be  of  the 
same  material. 

3.  The  Knupp  Rig 

This  rig,  patented  Mar.  14, 1905  (No.  784,571)  by  Jacob  C.  Knupp  and 
James  G.  Green,  of  Warren,  Pa.,  was  intended  to  possess  portability  as  well 


FiQ.  17. — The  Knupp  Semi-Poetablb  Ria. 

as  stifTness.  The  base  of  the  braced  mast  had  been  widened.  It  was  also 
stiffened  triangularly  by  braces  and  guyed  with  the  usual  guy  lines.  The 
band  wheel,  sand  reel,  and  walking  beam  were  placed  on  their  own 
independent  foundation  as  in  the  Corbett  rig,  and  this  type  of  construc- 
tion has  been  used  in  drilling  wells  as  deep  as  3,500  ft.  There  were  unfor- 
tunate circumstances  in  connection  with  the  operation  of  several  of  the 
rigs.    Sufficient  care  was  not  taken  to  guy  the  derricks  properly  and 
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some  of  them  were  pulled  over.  It  is  possible  that  a  dozen  would  cover 
the  number  of  these  rigs  actually  placed  in  use  about  1905.  The  writer  is 
somewhat  identified  with  the  Knupp  rig  for  the  reason  that  in  1903  and 
1904  an  endeavor  was  made  to  work  up  a  steel  structure  to  incorporate 
the  lines  of  the  Knupp  construction.  These  propositions,  however,  cfttne 
to  naught  (see  F^.  17). 

III.  The  Foub-Leogbd  Braced  Wooden  Derrick 

I  am  unable  to  say  when  the  four-legged  braced  wooden  derrick  first 
came  into  use  as  a  hoisting  tower  for  well  sinkii^.  It  is  probably  an 
evolution  of  the  type  of  head  frame  customary  in  sinking  mining  shafts 
generally ;  and  its  form  is  so  well  established  in  the  history  of  the  art  as  to 


Fia.  18.— Canadian  Dhiluno  Ria,  1866.     (W.  H.  MaoGarvbt.) 

need  no  extended  comment.  It  appears,  for  example,  in  a  patent  without 
number  issued  Mar.  24, 1825,  to  L.  Disbrow,  and  in  a  more  elaborate  form 
in  a  patent  to  the  same  party  issued  Nov.  1,  1830.  Unfortunately  the 
descriptions  of  these  two  patents  are  not  in  my  hands;  but  I  note  that 
the  legs  were  made  of  square  timbers,  and  that  the  girts  were  mortised  and 
inserted  into  the  legs  by  the  use  of  keys,  so  as  to  provide  for  dismantling: 
also,  that  in  1825  the  drilling  line  was  run  up  over  the  crown  pulley  and 
attached  to  a  treadle  so  as  to  permit  drilling  in  treadmill  fashion;  and 
that  hoisting  was  done  by  a  two-handled  windlass  with  a  fly-wheel.  The 
four-legged  braced  derrick  made  with  squared  timbers  also  appears 
in  patent  No.  47,868,  issued  May  23,  1865,  to  John  Y.  Smith,  of  Alexan- 
dria, Va.;  in  No.  48,006,  issued  May  30, 1865,  to  D.  H.  Wiswell  and  George 
W.  Shaw,  of  Buffalo,  N.  Y.;  and  in  No.  52,642,  issued  Feb.  13,  1866,  to 
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S.  J.  Goucher,  of  Philadelphia,  all  of  which  indicates  that  by  that  date  the 
framed  derrick  was  in  such  extensive  use  as  to  need  no  further  descrip- 
tion in  patent  specifications  (see  Fig.  18). 

In  the  History  of  Piihole,  written  by  "Crocus"  (Charies  C.  Leonard) 
and  published  in  1867;  it  is  said  in  description  of  well-sinking  methods: 

*' First  comes  the  derrick,  a  lighthouse-looking  structure,  some  48  ft.  in  height,  and 
a  temporary  shed  to  cover  it  and  shelter  the  operators  and  afford  them  sleeping 
quarters  as  it  is  not  safe  to  leave  the  premises  or  machinery  for  even  a  night.  If  they 
did,  they  might  find  every  movable  thing  had  disappeared.  Even  the  derrick  and 
engine  have  been  stolen  in  a  single  night  and  not  long  since  an  enterprising  thief  stole 
the  tubing  out  of  the  bottom  of  the  well  as  fast  as  the  owner  let  it  down  to  the  bottom. 
In  this  manner  he  purloined  nearly  a  thousand  feet  of  tubing  from  a  six  hundred 
foot  well." 

It  is  true  that  the  eariy  oil-well  derricks  were  constructed  of  poles  cut 
from  the  adjoining  forest  and  framed  together  in  heights  of  28  and  30  ft. 
by  the  use  of  spikes,  wooden  pins,  and  other  crude  devices.  The  ladder 
going  up  one  side  of  the  derrick  was  constructed  by  means  of  cleats  nailed 
to  one  of  the  derrick  legs.  The  essential  features  of  girts  and  bracing  are, 
however,  shown  on  photographs  taken  at  Pithole,  Tidioute,  Cherry  Run, 
and  other  early  oil  fields  in  western  Pennsylvania.  Modifications  in  the 
four-legged  derrick  have  been  due  essentially  to  their  increase  in  height 
and  to  the  use  of  sawed  timber  put  together  by  carpenters  instead  of 
rough  timbers  cut  out  of  wood  and  framed  by  inexperienced  hands.  That 
there  is  so  b'ttle  modification  in  the  structure  since  the  date  of  the  Drake 
well  is,  beyond  question,  due  to  the  fact  that  the  essential  features  of  the 
structure  had  already  been  worked  out  in  the  explorations  of  the  salt 
industry. 

It  is,  however,  important  to  history  that  the  four-legged  braced  derrick 
appeared  on  the  labels  pasted  by  Samuel  Kier,  of  Pittsburgh,  on  the  bot- 
tles of  petroleum  which  he  sold  in  1848  and  later  for  their  wonderful 
medicinal  virtues  and  that  it  was  the  sight  of  one  of  these  labels  and  the 
words  400  ft.  thereon  which  gave  George  H.  Bissell  the  inspiration  to 
undertake  the  orgam'zation  of  the  Pennsylvania  Rock  Oil  Co.,  under  which 
organization  Edwin  L.  Drake  drilled  the  famous  well  at  TitusviUe. 
McLaurin's  statement  in  Sketches  in  Crude  Oil,  p.  81,  is: 

"The  first  derricks  were  of  poles,  twelve  feet  base  and  twenty-eight  to  thirty  feet 
high.  The  ladder  was  made  by  putting  pins  through  a  comer  of  a  leg  of  the  derrick. 
The  Samson-post  was  mortised  in  the  ground.  The  band-wheel  was  hung  in  a  frame 
like  a  grindstone.  A  single  bull-wheel,  made  out  of  about  a  thousand  feet  of  lumber, 
placed  on  the  side  of  the  derrick  next  to  the  hand-wheel,  with  a  rope  or  old  rubber-belt 
for  a  brake,  was  used.  When  the  tools  were  let  down  the  former  would  burn  and 
smoke,  the  latter  would  smell  like  ancient  codfish." 
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IV.  The  Bolted  Wooden  Derrick 

The  advantage  of  wood  in  the  construction  of  derricks  and  drilling 
rigs  is  that  it  is  very  cheap  and  can  be  made  to  meet  any  condition  by 
building  up  pieces.  If  for  any  reason  the  rig  builder  makes  a  derrick  too 
light  and  it  begins  to  fall  in,  or  rack  to  pieces,  any  one  can  take  a  piece  of 
plank  and  nail  it  on  in  the  right  place  to  save  the  day.  If  the  amount  of 
wood  used  is  too  great  for  the  load  it  has  to  sustain,  it  does  not  make  any 
particular  difference  and  does  not  add  a  great  deal  to  the  cost  of  the 
outfit,  the  large  item  of  expense  being  in  the  carpenter  work  rather  than 
in  the  material  itself,  though  today  it  behooves  us  to  pay  a  great  deal  more 
attention  to  the  economical  use  even  of  wood. 

This  essential  consideration  of  economy  is  not  an  absolutely  new  thing 
in  this  year  of  our  Lord  1915.  Beyond  question,  it  lies  back  of  the  sub- 
stitution of  sawed  square  timber  for  poles  and  in  the  subsequent  sub- 
stitutidn  of  2-in.  plank  in  the  legs  for  solid  sticks  of  timber.  We  are 
prone  to  believe  that  the  present  generation  invented  the  conservation  of 
materials.  The  introduction  of  plank  in  derrick  construction,  say  about 
1865,  is  at  once  a  blow  to  our  pride  and  an  indication  of  a  correct  though 
possibly  unwritten  appreciation  of  the  magnitude  and  character  of 
drilling  stresses. 

It  has  already  been  noted  that  L.  Disbrow  in  1830  intended  to  have  his 
derrick  put  together  with  mortises  and  keys.  Samuel  S.  Fertig,  of  Titus- 
ville  (patent  No.  130,706,  Aug.  20,  1872),  describes  a  construction  and 
arrangement  of  the  parts  of  a  sectional  derrick  frame,  whereby  said 
frame  after  being  built  may  be  readily  taken  apart,  separated  into  sec- 
tions, or  deprived  of  one  or  more  sections  by  the  removal  of  a  few  bolt-s 
without  injury  to  the  timbers,  and  in  such  manner  that  it  may  be  speedily 
rebuilt.  Fertig's  derrick  was  made  with  staggered  joints  in  two-panel 
lengths,  with  the  corners,  braces,  and  girts  of  plank,  each  part-panel 
piece  being  put  together  in  sections  and  removable  by  bolts  at  the  field. 
The  use  of  bolts  is  specifically  referred  to  in  well-drilling  apparatus  pat- 
ented by  William  Lowman,  of  Marionville,  Pa.,  No.  388,889,  Sept.  4, 1888, 
and  is  also  disclosed  in  the  patents  of  George  Corbett.  By  1892  the 
bolted  derrick  had  reached  such  a  state  of  development  as  to  be  actively 
exploited  by  the  Oil  Well  Supply  Co.  and  shown  as  a  specific  article  of 
manufacture  on  p.  12  of  their  catalogue  with  the  comment  that  it  is  spe- 
cially adapted  for  being  moved  from  place  to  place;  the  various  pieces 
being  numbered  and  the  parts  which  join  being  specially  marked.  In 
other  words,  there  had  been  worked  out  by  that  date  a  system  of  stand- 
ardization which  would  permit  accurate  manufacture  and  accurate 
erection.  The  purpose  of  the  invention  is  said  to  be  to  construct,  easily 
assemble  and  disassemble  a  boring  tower,  which  may  be  sent  in  separate 
parts  to  timberless  regions,  where  it  can  be  reassembled  with  facility. 
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The  exploitation  of  gas  has  provided  a  field  for  their  use  much  more 
extended  than  contemplated  by  the  original  invention,  and  the  bolted 
derrick  is,  therefore,  one  of  the  most  modern  tools  of  the  drilling  con- 
tractor. Those  made  by  the  Parkersburg  Rig  &  Reel  Co,  are  perhaps 
in  more  extensive'use  today  than  any  other  (see  Fig.  19). 

The  most  recent  development  in  this  line  is  what  is  known  in  Okla- 
homa as  the  turnbuckle  derrick,  which  is  a  derrick  built  with  wooden 
corner  posts  and  girts,  and  with  iron  rods  fitted  with  turnbuckles  for 


Fia.  19. — Pahkebsbubo  Boltxd  Dkrrick.     Typical  Peknsylvania  CoKaraticnoN. . 

di^onal  braces.  There  was  said  to  be  a  growing  demand  for  such  der- 
ricks in  1913  and  they  are,  beyond  question,  suitable  for  use  in  that  shal- 
low territory  and  for  pumping  purposes,  in  spite  of  the  fact  that  the  rig 
builders  and  drillers  have  not,  as  a  rule,  taken  kindly  to  the  use  of  turn- 
buckles.  One  of  the  most  recent  patents  on  construction  of  this  char- 
acter was  No.  798,021,  issued  Aug.  22, 1905,  to  Henry  Eck,  of  Nobleville, 
Ind.,  which  seems  to  cover  the  essential  features,  except  that  the  legs  are 
made  of  square  timbers  instead  of  planks. 
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V.  Pipe  Dbreicks 

It  is  natural  that  the  attention  of  operators  should  be  turned  early  to 
the  use  of  steel  pipe  since  there  are  to  be  found  in  all  oil  and  gas  fields  great 
quantities  of  2,  3,  and  4  in.  pipe  which  has  survived  its  usefulness  in 
carrying  oil,  gas,  or  water  under  pressure,  but  is  still  good  for  structural 
purposes,  round  sections  being  well  fitted  theoretically  to  sustain  com- 
pressive ittresses.     The  difficulties  in  the  eonstj-uction  of  derricks  did  not 


Fig.  20.-— Nbjll  Patent  Pipe  Dekbick.     MacDonald,  Pa.,  1909. 

lie  in  the  legs  but  in  the  other  parts.  Pipe  is  not  fitted  for  crown  blocks,  or 
ladders,  or  even  for  the  heavy  girts  which  take  the  tops  of  the  bull-wheel 
and  calf-wheel  posts.  In  the  most  modem  types  of  pipe  derricks,  these 
parts  are  made  of  steel  beams,  angles,  and  bars.  Nor  is  pipe  suitable  for 
bases,  though  it  may  be  said,  as  a  matter  of  record,  that  Zahniser  Brothers 
A  Sten  Co.,  of  Washington,  Pa.,  endeavored  in  1910  to  make  this  use  of 
it,  and  conatmcted  one  or  two  bases. 

Bent  pii>e  has  also  been  considered  for  walking  beams,  as  shown  in 
patent  No.  914,60S,  issued  to  Hezekiah  Shannon,  of  Cyclone,  an  illus- 
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tration  of  which  will  be  given  under  the  general  heading  of  "Structural 
Steel  DrilUng  Rigs." 

Pipe  is  suitable  for  band,  calf,  and  bull  wheel  shafts,  but  with  these 
exceptions  is,  as  a  general  rule,  inadequate  for  the  construction  of  more 
than  the  derrick  proper.  True  economy  requires  the  use  of  each  material 
in  the  service  for  which  it  is  adapted;  and  the  use  of  pipe  for  derricks  is 
recommended  by  structural  fitness.  The  same  consideration  bars  its  use 
elsewhere  in  this  line,  just  as  it  has  been  long  since  definitely  abandoned  in 
structural  fabricating  shops,  because  experience  shows  structural  steel 
shapes  to  be  more  economical  than  pipes  when  both  have  to  be  made  of 
new  materials.     Fig.  20  shows  the  Neill  pipe  derrick. 

1.  Early  Endeavors  to  Introduce  Pipe  Derricks 

Many  improvements  in  the  mechanism  of  well  drilling  were  made  in 
the  early  days  by  Jesse  Button,  of  New  York  City,  whose  patent  No. 
210,007,  dated  Nov.  19, 1878,  describes  a  wooden  frame,  constructed  so  as 
to  support  compactly  the  different  parts  of  the  machinery  used  in  drilling 
wells  and  carrying  a  removable  tower  for  lifting  and  lowering  the  drill 
rods.  This  removable  tower  might  be  made  of  wood  or  metal,  but  Mr. 
Button  preferred  to  construct  it  of  metal  tubing,  the  vertical  supports 
and  cross  braces  being  made  with  screw  joints,  so  that  it  might  be  taken 
apart  and  used  or  not,  according  to  the  local  conditions.  The  lower 
bottom  panel,  made  of  wood,  was  built  with  vertical  posts,  probably  for 
the  same  reason  as  influenced  the  writer  in  the  first  design  of  the  short- 
panel  steel  derrick,  mentioned  hereafter.  The  clamps  at  the  joints  are 
not  fully  described,  but  would  probably  be  made  of  cast  iron. 

Patent  No.  331,714,  Dec.  1,  1885,  was  issued  to  Albert  T.  Hyde,  of 
Oil  City,  Pa.,  for  improvements  in  artesian-well  rigs,  with  special  refer- 
ence to  oil-well  drilling.  Mr.  Hyde  proposed  a  triangular  derrick,  the 
three  legs  of  which  were  made  of  tubular  posts,  and  in  which  the  hori- 
zontal members  or  girts  were  made  of  pipe  and  the  diagonal  members  of 
rods,  the  ends  of  both  girts  and  rods  being  forged  out  flat  and  drilled  for 
attachment  to  the  legs  thrpugh  flanges  and  coupUngs,  as  shown  in  Fig.  21 . 
Mr.  Hyde's  idea  was  to  use  one  leg  of  the  derrick  to  replace  the  samson 
post  and  so  to  compress  the  parts  of  a  drilling  rig  as  to  place  them  all  on 
one  foimdation  about  the  size  of  an  ordinary  derrick  floor  with  necessary 
modifications  in  the  arrangement  of  engine,  band  wheel,  bull  wheel,  etc. 
The  walking  beam  of  this  rig  was  to  be  in  two  parts,  one  fastened  to  the 
derrick  leg  and  the  other  to  the  derrick  floor,  and  operating  like  a  modern 
pumping  jack. 

The  pipe  derrick  does  not  appear  in  the  Oil  Well  Supply  Co.'s  cata- 
logue of  1892,  which  may  be  taken  as  fairly  covering  the  state  of  the  art 
at  that  date.    It  does  appear,  however,  in  the  1900  catalogue,  constructed 
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in  accordance  with  patent  No.  346,468,  granted  to  George  Corbett,  of 
Bradford,  Pa.,  Aug.  3,  1886.  Joints  of  this  demclt  were  made  in  slip 
sockets  and  keyed  on — no  threads  being  used  except  on  the  turnbuckles 
of  the  stay  rods,  which  were  made  of  iron  or  steel  rounds.  At  the  joints, 
holes  were  cored  in  the  castings  to  receive  the  ends  of  the  diagonal  rods 
on  which  dependence  was  necessarily  placed  for  holding  the  structure 
together.  Special  castings  were  also  provided  at  top  and  bottom  for  the 
attachment  of  crown  block,  etc. 

A  construction,  in  some  respects  more  modern,  is  disclosed  in  patent 
No.  666,364,  issued  Aug.  25,  1896,  to  Amos  C.  Wilson,  of  Butler.  The 
coupling  sleeves  are  provided  with  flanged  T-slots  and  the  girts  are  pro- 
vided with  screwed-on  T-heads  adapted  to  fit  the  T-slots  of  the  coupling 


Pio.  21. — Hyde  Pipe-Derrick  Joint. 

sleeves,  somewhat  like  the  way  in  which  the  cheaper  grades  of  iron  beds 
are  constructed.  Projections  are  formed  within  the  circular  portion  of 
the  couplings,  against  which  the  leg  sections  abut.  Diagonal  cross 
braces  are  screwed  into  socket  braces  which  are  connected  to  the  coupling 
sleeves,  through  ears  in  their  upper  and  lower  surfaces,  by  bolts. 

2.  More  Recent  Pipe  Derricks 

It  is  impracticable  at  present  to  ascertain  exactly  what  number  of 
these  derricks  were  actually  constructed.  It  is  likely,  however,  that 
some  few  of  them  came  into  actual  use  in  spite  of  their  crude  design  and 
expensive  construction,  just  as  it  is  likely  that  a  few  wind-mill  towers 
were  made  under  patent  No.  490,267,  issued  Jan.  24,  1893,  to  William  H. 
Burnham  and  John  H.  Miller,  Batavia,  111.,  assigners  to  United  States 
Wind  Engine  &PumpCo.,ofthesameplace.     These  wind-mill  towers  were 
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triangular  and  put  together  with  60^  structural  angles,  clamps,  and  rod 
braces. 

The  use  of  U-bolts  with  or  without  forged  clamps  for  fastening  mem- 
bers of  the  derrick  together  appears  also  in  derricks  that  have  actually 
been  erected  and  numbers  of  which  have  come  into  use  in  spite  of  their 
crude  form  and  their  relatively  high  cost. 

At  Supulpa,  Okla.,  in  October,  1909,  an  attempt  was  made  by  a  Mr. 
Barnes  to  introduce  pipe  derricks,  one  of  which,  of  very  crude  design, 
with  screw  joints  and.  badly  forged  end  connections,  was  on  exhibition 
at  Kiefer.  About  the  same  time  the  manufacture  of  pipe  derricks  was 
carried  on  at  Washington,  Ps.,  by  Zahniser  Brothers  &  Sten  Co.,  who 
declared  in  their  advertising  literature  that  they  had  limited  the  use  of 
bolts  to  a  minimum  in  the  construction  of  their  make  of  derrick,  that 
there  were  only  16  bolts  used  in  the  crown  and  16  in  the  base,  and  the 
derrick  proper  could  be  made  complete  without  the  use  of  bolts;  but  it 
was  believed  that  the  use  of  bolts  in  the  crown  or  water  table  made  the 
derrick  easier  to  take  apart,  if  it  was  to  be  moved,  as  is  often  the  case  in 
a  dry  hole  or  gas  well ;  and  that  Jbhis  derrick  could  be  taken  down  and  rebuilt 
in  half  the  time  required  by  any  other  pipe  or  steel  derrick  on  the  market. 

It  was  also  claimed  that  the  derrick  could  easily  be  put  in  perfect  align- 
ment by  the  use  of  adjustable  rods  (made  with  turnbuckles),  and  that 
it  had  no  weak  spots,  since  the  pipes  were  not  flattened  at  the  ends,  as  in 
other  derricks.  This  company  also  manufactured  a  trussed  walking 
beam  and  a  derrick  base  made  of  steel  pipe.  The  design  of  the  derrick 
comer  coupling  is  similar  to  that  patented  by  Amos  C.  Wilson  but  in 
simplified  and  more  practical  shape.  Legs  and  girts  butt  against  divi- 
sions in  the  hollow  portion  of  the  casting,  and  the  whole  structure  is  held 
together  by  the  diagonal  braces  connected  to  bolt  holes  cored  in  the  up- 
standing ears  of  the  corner  casting  itself,  as  shown  in  Fig.  22. 

Derricks  made  largely  but  not  exclusively  of  pipe  were  constructed  on  a 
small  scale  by  Simpson  Brothers  at  Oakdale,  Pa.  The  .legs  were  connected 
by  ordinary  screw  couplings.  Girts  were  made  of  pipe  flattened  down  9  in. 
or  more  at  each  end,  and  with  the  extreme  end  of  the  flat  portion  bent  in  a 
quarter  circle  to  engage  the  corner  leg,  to  which  it  was  bolted  by  a  bolt  pass- 
ing through  two  girts,  leg,  and  coupling.  Diagonal  braces  were  in  like 
manner  made  of  pipe  flattened  down  at  the  ends,  and  connected  not  to  the 
clamp  but  to  a  girt  by  single  bolt  passing  through  two  braces  and  the  girt 
(see  Fig.  23).  The  drawing  in  my  possession  shows  a  59-ft.  pumping 
derrick  only.  It  is  obvious  that  this  method  of  construction  is  not  adequate 
for  derricks  made  for  drilling  purposes.  The  ladders  for  these  derricks  are 
made  of  wood,  as  also  are  the  crown  blocks  and  bases. 

Many  of  the  derricks  in  use  in  the  Evans  City  town-lot  development, 
it  is  understood,  are  being  made  by  Jacob  Morris  at  Mars,  Pa.,  but  I  cannot 
now  say  exactly  what  type  of  construction  Mr.  Morris  follows. 

8 
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Pipe  derricks  are  also  made  in  the  Pittsburgh  district  by  Frank  Kin- 
ney, boiler  maker,  at  Oakdale,  Pa.;  and  the  activity  of  these  smaller 
shops  and  shops  owned  not  by  manufacturers  but  by  oil  companies  them- 
selves, is,  no  doubt  reflected  in  other  places  throughout  the  oil  and  gas 
fields,  where  the  crude  methods  of  manufacture  are  counterbalanced  by 
the  low  cost  of  second-hand  material. 


Among  the  noteworthy  endeavors  to  utilize  pipe  in  the  coustruction 
of  steel  drilling  rigs  and  derricks  is  a  derrick  made  for  his  own  operations 
by  Godfrey  L.  Cabot,  of  Boston,  Mass.,  the  well-known  manufacturer 
of  carbon  black.  The  method  of  joint  construction  used  by  Mr.  Cabot 
is  ehown  in  Fig.  24,  in  which  it  will  be  noted  that  the  splice  is  a  malleable 


Pia.  24. — Cabot  Pipb-Derrick  Joint. 


casting,  with  inside  rings,  against  which  the  4-in.  1^  sections  bear,  and 
with  outside  wings  to  which  the  ^-in.  diagonal  rods  are  attached,  hook 
fashion.  The  girts  are  made  of  2  and  3  in.  pipe  and  are  connected  to 
shoulder  nipples  screwed  into  the  joint  castings  by  threaded  ends  and 
unions.    Turnbuckles  are  used  on  the  diagonal  braces;  and  these,  in 
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coraectioD  with  the  unions,  permit  a  great  degree  of  adjustability  in 
the  members,  which  obviates  the  necessity  for  very  acciuate  cutting  to 
length  and  at  the  same  time  permits  the  maintenance  of  alignment. 
One  of  these  pipe  derricks  erected  by  Mr.  Cabot  on  the  McGeary  farm, 
some  2  miles  south  of  Worthington,  Armstrong  County,  Pa,,  has  been 
used  in  drilling  five  holes. 

3.  NeiU  Patent  Pipe  Derrick 
The  development  of  the  pipe  derrick  as  a  lai^e  commercial  enterprise 
is  due  to  the  successful  use  of  the  forged  steel  clamp  patented  in  the  first 
instance  by  T.  A.  Neill,  Field  Superintendent  for  the  South  Penn  Oil  Co. 
In  1908  it  occurred  to  Mr.  Neill  that  a  steel  derrick  suitable  for  pumping 
and  cleanii^  wells  could  be  successfully  fabricated  of  second-hand  pipe. 


Fig.  25. — Neill  Fipb-Debsick  Clamp. 

He  Gonetructed  a  small  wooden  model  indicating  his  idea  of  a  clamp  for 
the  purposes  of  joining  two  pieces  of  pipe  together  without  a  thread  and 
at  the  same  time  reinforcing  the  joint.  This  model  was  turned  over  to 
Lee  C.  Moore  of  Lee  C.  Moore  &  Co.,  Inc.,  and  the  first  80-ft.  derrick  was 
built  in  Mannington,  W.  Va.,  with  clsmps  made  of  cast  steel  for  joining 
the  leg  sections  together.  This  first  derrick  demonstrated  not  only  that 
the  derricks  would  prove  a  success  for  cleaning  purposes  but  also  for  heavy 
work  as  well,  and  Mr.  NeiU  proceeded  to  cover  his  invention  by  letters 
patent  No.  933,386,  dated  Sept.  7,  1909.  Rights  of  exclusive  manufac- 
ture passed  to  Lee  C.  Moore  &  Co.,  with  reservation  of  a  shop  license  to 
the  South  Penn  Oil  Co.  for  the  construction  of  derricks  for  its  own  uses. 
Fig.  25  shows  the  clamping  device. 

During  1909  there  were  made  and  used  by  the  South  Penn  Oil  Co, 
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and  the  manufacturers  more  than  20,000  cast-steel  clamps,  which  were 
sufficient  for  approximately  600  derricks.  Their  use  demonstrated,  how- 
ever, that  cast  steel  was  not  uniform  in  strength  and  it  was  conclude!!!  to 
adopt  rolled  steel  for  the  purpose.  Accordingly  in  1909  tools  were  de- 
signed to  make  the  clamps  by  the  drop-forging  process,  and  since  that 
date  they  have  been  so  made.  Improvements  in  their  manufacture  are 
covered  by  patents  No.  1,015,821  and  1,082,207,  issued  to  Lee  C.  Moore 
Jan.  30,  1912,  and  Dec.  23,  1913.  The  substitution  of  wrought  steel  for 
cast  steel  reduced  the  weight  of  the  clamp  and  its  cost  without  any  de- 
crease in  the  strength  of  the  derrick  at  the  joint,  and  thus  largely  guaran- 
teed its  success. 

While  the  manufacturers  have  distributed  a  great  many  derricks 
made  of  new  pipe,  the  more  usual  practice  is  to  sell  the  clamps  to  users 
for  the  fabrication  of  their  own  derricks;  and  during  the  year  1913  the 
manufacturers  produced  sufficient  clamps  to  construct  1,500  derricks, 
and  that  in  spite  of  the  fact  that  the  lumber  yards  back  of  the  rig  builders 
have  opposed  the  introduction  of  steel,  either  pipe  or  structural,  in  the 
construction  of  drilling  rigs. 

The  extension  of  the  Neill  patent  pipe  derrick  into  rotary-drilling 
territory,  and  its  use  in  greater  heights  than  are  required  in  the  Appa- 
lachian oil  and  gas  fields,  made  necessary  the  reinforcement  of  the  pipe 
itself.  Tests  were,  therefore,  made  under  the  auspices  of  the  Bureau  of 
Standards  at  Pittsburgh,  which  demonstrated  the  safe  carrying  capacities, 
under  compression,  of  derrick  leg  sections  built  by  inserting  one  or  more 
tubes  inside  the  outer  section.  This  made  it  possible  to  increase  the 
strength  of  the  derrick  without  the  use  of  large-sized  pipe  not  easily  ob- 
tainable and  also  without  the  multiplication  of  a  great  number  of  clamps, 
each  size  of  which  requires  its  own  special  forging  equipment.  It  is 
possible  to  build  up  derricks  in  this  manner  of  tubular  leg  sections  to 
30  lb.  per  ft.  with  a  steel  area  of  8.3  sq.  in. 

Clamps  are  now  made  to  fit  all  sizes  of  pipe  from  2  to  6  in.  inclusive. 
The  heaviest  derricks  made  of  tubular  sections  have  been  of  the  triplex 
leg-section  pattern  (three  pipes,  one  within  the  other)  weighing  28  lb. 
per  foot,  117  ft.  high,  26  ft.  base  and  5  ft.  6  in.  top.  The  most  popular 
styles  of  this  type  of  derrick  are  the  59-ft.  pumper  and  the  80-ft.  driller. 
These  are  built  regularly  with  pipe  legs,  girts,  and  braces,  tops  and  crown 
blocks  of  rolled-steel  beams,  ladders  of  flat  steel  bars  and  round  rungs, 
with  steel  I-beam  bull-wheel  girts  and  steel  channel  bases,  the  designs 
for  crown  blocks  and  bases  being  the  same  as  on  the  Woodworth  derricks. 
By  arrangement  between  respective  manufacturers,  the  pipe  derrick,  as 
will  be  noted  later,  is  used  almost  interchangeably  with  the  structural 
steel  derrick  in  the  construction  of  complete  steel  drilling  rigs. 

The  essential  featiu'es  of  the  Neill  patent  pipe  derrick  are:  The  design 
is  flexible  because  the  strength  can  be  increased  to  cover  any  requirement 
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by  the  use  of  heavier  pipe  for  the  leg  section  or  by  the  duplex  or  triplex 
method  of  coofitruction,'  and  this  without  change  in  clamps.  There  are 
DO  screwed  joints,  and  the  derrick  is  assembled  with  clamps  and  bolts. 
The  leg  sections  are  plain,  while  girts  and  diagonal  braces,  which  are  also 
of  pipe,  are  swedged  down  at  their  ends  to  provide  a  Bat  bearing  surface 
against  the  clamp  and  proper  width  of  material  for  puuching  the  holes 
through  which  they  are  connected  to  the  clamps  themselves.  U-bolts 
connect  the  girts  and  diagonal  braces  at  their  intersection. 


South  Penk    Oil^Co., 

It  is  obvious  that  in  this  type  of  construction  the  overturnir^  of  the 
derrick  under  wind  or  its  pulling  in  by  eccentric  distribution  of  loads  is 
resisted  entirely  by  the  friction  of  the  clamp  on  the  pipe  and  in  conse- 
quence the  bolts  should  be  well  tightened.  Nine  bolts  are  used  at  each 
joint  in  the  80-ft.  driller  and  the  spring  action  of  the  clamp  has  been  found 
by  experience  to  develop  all  the  strength  required.  The  pipe  derrick  is, 
therefore,  no  longer  an  experiment,  more  or  less  crude,  but  a  fully  devel- 
oped engineering  structure.     Fig.  26  shows  an  80-ft.  derrick  of  this  kind. 
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VI.  Structural  Steel  Derricks  with  Long  Panels 

The  first  derricks  made  of  structural  steel  shapes  were  designed  by 
men  more  familiar  with  bridge  and  building  construction  than  with  the 
practice  of  deep  drilling.  Inasmuch  as  the  structures  were  supposed  to 
remain  permanently  in  position  and  to  be  used  as  structures  rather  than 
tools,  convenience  in  erection  was  assumed  to  be  a  matter  of  secondary 
importance.    This  failure  of  the  structural  steel  designer  to  appreciate 


Fig.  27. — Structural  Steel  Drilling  Rig.    O.  W.  S.  Co.  Catalogue,  1892. 


the  needs  and  desires  of  the  driller  has  had  somewhat  to  do  with  the 
slowness  of  the  substitution  of  steel  for  wood. 

The  first  appearance  of  the  structural  steel  derrick  known  tp  the 
writer  is  on  pp.  14  and  15  of  the  illustrated  catalogue  issued  by  the  Oil 
Well  Supply  Co.,  in  1892,  which  shows  steel  derricks  72  ft.  high,  made 
with  steel  angle  legs,  steel  base  and  crown  block,  the  diagonal  members 
being  made  of  rods  adjustable  \)y  the  use  of  turnbuckles.  Page  14  shows 
the  ground  plan  and  side  view  of  a  complete  steel  rig  with  steel  walking 
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beam,  samson  post,  foundation,  and  sectional  wheels.    The  description 
of  the  derrick  is: 

"It  is  practically  indestructible,  made  of  light  pieces  easily  transported  and  han- 
dled, which  are  fastened  together  with  bolts;  every  part  is  made  of  steel;  power  is 
applied  by  a  rope  running  through  double  grooves  in  engine  pulley,  band  wheel  and 
sand  reel  head.  The  first  rig  of  this  kind  was  sent  to  Australia  for  use  in  a  district 
where  wood  decayed  rapidly." 

The  transmission  from  engine  to  band  wheel  was  by  rope  drive,  and  the 
sand  reel  was  not  driven,  as  usual,  by  a  friction  pulley  in  contact  with 
the  rim  of  the  band  wheel,  but  by  a  rope  from  the  engine.  The  band 
wheel  was,  therefore,  fitted  with  grooves  instead  of  a  plane  surface.  The 
impression  made  by  the  illustration  is  that  the  entire  structure  was  primi- 
tive in  form.  The  panels,  however,  were  made  in  short  length,  nine  in 
number,  for  the  72-ft.  derrick  (see  Fig.  27). 

The  derrick  reappears  in  the  Oil  Well  Supply  Co.'s  catalogue,  edition 
of  1900,  p.  13,  and  on  p.  450  of  a  catalogue  issued  in  1897  by  the  National 
Tube  Works  Co.  in  French  and  English,  and  intended  for  circulation 
abroad,  with  the  additional  information  that  the  pieces  were  fitted,  num- 
bered, and  painted;  that  the  parts  presented  but  little  surface  to  the  wind; 
that  the  wind  strains  had  been  carefully  considered  and  that  there  was  no 
danger  of  the  wind  blowing  the  derrick  over;  that  the  derricks  were  made 
of  any  height  from  40  to  72  ft.;  that  the  construction  was  particularly 
adapted  for  use  in  hot  countries;  and  that  the  "  first  steel  rig  (all  the  parts 
being  of  metal)  was  sent  to  Australia  to  be  used  in  a  district  where  wood 
decayed  rapidly.  The  outfit  gave  complete  satisfaction  and  drilled  a 
number  of  wells."  The  wheels  for  this  type  rig  were  exhibited  at  the 
World's  Fair,  Chicago,  in  1893.  In  1894  a  second  rig  was  built  and 
shipped  to  Teheran,  Persia,  via  Aden.  Hauling  from  port  to  Teheran 
was  via  camel  train. 

The  year  1903  marks  a  new  endeavor  to  introduce  the  structural  steel 
derrick.  In  that  year  the  Pittsburgh  plant  of  the  American  Bridge  Co. 
built  derricks  in  heights  of  60,  60,  and  70  ft.,  tower  fashion,  with  three, 
four,  and  five  panels  respectively;  that  is  to  say,  with  panel  heights,  on  an 
average,  of  17,  15,  and  14  ft.  The  weights  of  the  derricks  were  approxi- 
mately 9,000,  11,000,  and  12,500  lb.  The  legs,  braces,  and  girts  were  all 
angles.  The  ladders  were  made  of  wood.  These  derricks  had  buttresses 
at  the  base  on  all  four  sides  to  prevent  overturning  and  needed  for  their 
erection  gin  poles  or  other  similar  scaffolding.  They  looked  well  on  paper 
and  the  des^ner,  no  doubt,  considered  them  an  excellent  substitute  for 
wood.  Many  of  them  were  built  and  some  are  now  to  be  found  over 
pumping  wells  in  the  McDonald,  Pa.,  territory  (see  Fig.  28). 

The  same  year  the  Chester  B.  Albree  Iron  Works,  of  Pittsburgh,  Pa., 
built  two  or  three  structiu'al  steel  derricks  on  the  order  of  the  National 
Supply  Co.  for  shipment  to  Vera  Cruz,  Mexico.    These  derricks  were  70 
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ft.  S  in.  high  under  the  crown  block,  with  a  base  of  21  ft.  8  in.,  and  with 
buttresses  of  the  same  general  character  as  those  made  by  the  American 
Bridge  Co.  They  also  had  an  average  panel  height  of  about  14  ft.,  but 
the  ladders  were  of  steel  flats  for  sides  and  round  rods  for  rungs  (see 
Fig.  29). 

In  the  same  year  the  Carnegie  Steel  Co.  built  for  the  South  Penn  Oil 
Co.  and  the  Carnegie  Natural  Gas  Co.  12  derricks,  which  were  uaed  in 
the  Pennsylvania  and  West  Virginia  oil  fields.     They  were  80  ft.  in 


height  with  a  20'ft.  base  and  were  likewise  constructed  along  the  lines 
of  the  structural  steel  tower,  the  80-ft.  derrick  being  built  in  seven  panels 
averaging  a  little  less  than  12  ft.  in  height.  The  derrick  and  base  weighed 
24,000  lb.,  and  provision  was  made  at  the  top  for  a  two-pulley  crown 
block.  They  proved  to  be  stiff  and  steady  under  strain;  and  in  spite  of 
their  long  panels  were  removed  from  their  original  location  and  re-erected 
in  the  drilling  of  more  than  one  well  each.  They  were  probably  strong 
enough  to  drill  a  well  in  this  territory  of  a  mile  and  a  quarter  deep,  or 
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about  twice  as  deep  as  any  well  over  which  they  were  ever  erected.  It 
may  be  noted  in  passing  that  the  80-ft.  structural  steel  derrick  as  today 
constructed  is  built  with  ten  panels  and  weighs,  including  crown  block, 
ladder,  and  base,  in  the  neighborhood  of  15,000  lb.,  and  will  drill  as  deep 
wells  as  any  of  these  12  ever  undertook  (see  Fig.  30). 

No  endeavor  was  made  in  the  construction  of  these  derricks  to  design  a 
complete  drilling  rig.     The  next  step  in  this  direction  was  taken  in  1904 


when,  in  conjunction  with  the  Oil  Well  Supply  Co.,  the  Carnegie  Steel  Co. 
designed  a  standard  steel  oil  derrick,  California  type,  72  ft.  high,  with  a 
20-ft,  base,  the  intention  being  to  furnish,  in  addition  to  the  derrick 
proper,  the  necessary  machinery  supports  for  bull  wheel,  calf  wheel, 
band  wheel  and  sand  reel,  and  so  to  detail  each  part  as  to  permit  the 
use  of  rig  irons,  wheels,  etc.,  on  the  steel  structure  without  substantial 
divergences  from  parts  carried  in  stock  by  oil-well  supply  stores  and  de- 
signed primarily  for  use  on  wooden  structures.    This  derrick  was  likewise 
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made  tower  fashion  with  six  panels  of  an  average  he^iht  of  12  ft  (see  Figa. 
31  and  42). 

The  first  two  derricks  constructed  after  this  design  were  shipped  in 
January,  1908,  one  to  Peru  and  the  other  to  Argentine,  after  the  lower 
panel  of  one  of  them  had  been  erected  complete  in  the  shop  for  the  proper 
adjustment  of  all  working  parts.  In  addition  to  the  derrick,  the  order 
included  base,  machinery  supports,  walking  beam,  and  house  framing  as 
far  back  as  the  sand  reel,  and  each  outfit  complete  weighed  34,000  lb. 


They  were  shipped  to  New  York  by  rail,  thence  by  steamer  to  South 
America,  and  were  hauled  inland  from  300  to  400  miles  (see  Fig.  32). 

The  performance  of  the  Argentine  rig  is  clearly  shown  in  the  report  of 
the  driller,  written  from  Zapala  Sept,  6,  1908,  and  illustrates  the  vicissi- 
tudes which  may  be  encountered  and  successfully  overcome  by  a  well- 
built  steel  structure; 

"I  got  the  rig  Bet  up  over  the  Acme  Oil  Company's  drilling,  a  little  over  1,100  feet 
deep,  and  drilled  to  a  little  leaa  than  1,500  feet  deep,  when  we  had  an  English  expert 
come  out  here  to  look  over  the  ground  and  he  decided  on  another  location,  and  then  we 
had  to  move  the  rig.  This  we  did  without  taking  down  the  derrick.  We  disconnected 
the  siUs  under  the  sampson  and  jack  posts  from  the  derrick  and  moved  each  of  them 
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intact.  The  derritik  we  moved  on  4"  pipe  rolling  on  3  x  6"  plank  and  pulled  with 
block  jUid  tackle,  using  two  yoke  of  oxen  for  motive  power.    The  band  wheel  was 

slung  on  two  two-wheel  carta  and  puUed  by  eight  oxen.  The  boiler  was  also  mounted 
and  hauled  by  four  yoke  of  oxen.  We  moved  the  whole  rig  in  four  and  a  half  days  and 
in  two  daye  more  had  begun  work.  The  derrick  can  be  tumbled  around  any  way  and 
does  not  spring  or  rack  in  the  least.     It  aurpaaaea  all  of  our  expectations." 

The  third  derrick  of  this  design  was  sold  to  the  Oil  Well  Supply  Co.  for 
shipment  to  the  Burmah  Oil  Co.,  Ltd.,  at  Rangoon. 


VII.  Short-Panel  Structubal  Steel  Derricks 

Experience  with  these  derricks  indicated,  first,  that  the  structures  were 
much  heavier  than  the  operating  conditions  in  the  Appalachian  oil  and  gas 
fields  required;  and  second,  that  the  re-erection  and  subsequent  re-use  of 
the  derricks  would  be  very  much  facilitated  if  the  panels  were  made  short, 
approximately  as  in  the  wooden  rig.  It  was  further  observed  that,  with 
reduced  panel  heights,  the  same  strength  in  the  legs  might  be  obtained  by 
the  use  of  thinner  and  lighter  sizes  of  angles  (the  strength  of  such  sections 
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in  compression  being  determined  by  their  ratios  of  slenderness),  and 
the  bracing  made  more  effective.    ' 

Derricks  were,  therefore,  designed  in  1908  with  short  panels;  and  the 
modifications  which  have  been  made  in  them  since  have  been  made  with  a 
view,  first,  to  suit  the  structure  as  exactly  as  may  be  to  the  wishes,  and 
even  the  prejudices,  of  the  driller,  and  second,  to  give  them  such  strength 
and  stiffness  as  was  required  in  the  light  of  careful  observations  on  their 
use  in  different  fields. 

The  designer  had  learned  that,  after  all,  this  field  of  manufacture  is  a 
very  conservative  one;  that  commercial  success  lies  in  giving  the  driller 
an  exact  substitute  for  the  wooden  rig  to  which  he  has  been  accustomed; 
and  that  it  is  impossible  to  do  anything  more  in  the  way  of  standardiza- 
tion than  to  follow  only  the  broadest  lines.  Since  that  date  the  Car- 
negie Steel  Co.  has  manufactured  derricks  to  the  established  patterns  of 
standard,  California,  and  rotary  types  and  has  shipped  them,  on  orders 
placed  direct  with  the  company  or  with  dealers  in  oil-well  supplies,  to 
practically  all  the  well-known  fields  with  the  exception  of  Europe  and  the 
Pacific  Coast  of  the  United  States. 

In  the  working  out  of  these  principles  the  designer  has  not  hesitated  to 
deviate  from  engineering  practice  as  embodied  in  other  lines  of  structures. 
He  has  not  failed  to  abandon  what  he  thought  good  for  that  which  the 
drillers  considered  better.  Derricks  have  been  made  as  low  a^  40  ft.  and 
as  high  as  106,  with  safe  drilling  loads  from  40,000  to*^00,000  lb.,  with 
capacities  for  the  very  shallowest  pumping  and  the  very  heaviest  drilling. 
Their  essential  feature  has  been  only  the  use  of  structural  steel  wherever 
possible  in  their  construction. 

The  short-length  structural  steel  derrick  has  been  manufactured  with 
two  kinds  of  bottom  panels,  in  a  variety  of  types  and  sizes,  and  with 
different  kinds  of  joints.  Under  these  three  general  divisions  the  steel 
derrick  will  be  treated. 

1.  Bottom  Panels 

The  three  72-ft.  long-panel  steel  derricks  built  in  1908  deviated  from 
the  wooden  derrick  in  that  the  bottom  panel  was  made  vertical  instead  of 
tapering  continuously  from  crown  block  to  base.  The  earlier  designs  as 
noted  had  buttresses  at  the  bottom,  because  designers  considered  it 
necessary  to  provide  extra  support  at  the  first  girt,  in  consequence  of  the 
necessary  omission  of  diagonal  braces,  the  use  of  which  is  impracticable  on 
at  least  the  walking-beam  and  bull-wheel  sides  of  a  standard  rig.  The 
vertical  bottom  panel  was  an  endeavor,  first,  to  provide  additional  work- 
ing room  on  the  derrick  floor;  second,  to  carry  out  a  bracing  system  which 
would  make  the  structure  self-contained;  and  third,  to  simplify  the 
connections  for  machinery  supports,  house  framing,  etc.,  so  as  to  reduce 
the  expense  of  shop  work.     It  was  found,  however,  that  the  additional 
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space  was  not  required  and  in  consequence  the  vertical  panels  were 
abandoned  in  1911;  records  indicate  that  the  last  derrick  made  in 
this  fashion  was  shipped  in  January,  1912.  It  should  be  said,  however, 
that  other  designs  made  for  derricks  as  early  as  190S  were  based  on  the 
use  of  a  continuous  taper;  and,  as  a  matter  of  fact,  the  derricks  made  with 
the  vertical  panel  were  only  used  in  complete  rigs. 

2,  Types  and  Sizes  of  Derricka 
The  first  short-panel  derricks  were  built  for  the  Carn^e  Natural 
Gas  Co.  in  September,  1908,  and  were  used  in  drilling  gas  wells  at  Waynes- 


burg  and  Export,  Pa.,  and  at  Burton  and  Hundred,  W,  Va.;  that  is,  in  the 
gas  fields  of  Washington  and  Westmoreland  Counties,  Pa.,  and  Wetzel 
County,  W,  Va.  They  were  80  ft,  high  and,  in  connection  with  machin- 
ery supports,  made  up  the  first  steel  rigs  ever  constructed — as  will  be 
mentioned  later.  It  may  be  noted  in  passing  that  while  intended  for 
standard  cable-tool  drilling,  the  walking-beam  side  was  >  constructed  to 
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take  a  calf  wheel.  This,  however,  wae  never  used;  and  after  the  first 
erection  the  calf-wheel  posts  and  braces  were  abandoned.  Three  more 
drilling  rigs  of  the  1909  design,  that  is,  of  the  pure  standard  type  and 
somewhat  lighter  members,  were  built  in  the  following  year  and  were 
used  by  the  same  company  in  drilUng  gas  wells  in  Lorain  County,  Ohio. 
These  derricks  have  withstood  safely  the  strains  encountered  in  drillii^ 
wells  4,500  ft.  deep  and  while  structurally  not  quite  so  perfect  as  those 
now  manufactured  have  been  successful  in  every  way. 

In  January,  1909,  five  55-ft.  standard  derricks  were  built  for  the  Car- 
ter Oil  Co.  and  used  at  Sistersville,  W.  Va.  These  were  short-paneled, 
tapered  from  top  to  bottom,  and  were  used  over  pumping  wells  (see 
Fig.  33). 

Otherwise  sales  in  1909  and  1910  were  confined  to  80-ft.  standard 
derricks  and  72-ft.  standard  and  California  derricks;  but,  as  will  be  noted 
later,  a  new  type  of  derrick  was  introduced,  known  as  the  Oklahoma, 
which  has  been  manufactured  in  heights  of  72  and  80  ft. 


The  first  80-ft.  California  derrick  with  continuous  taper  was  made  in 
1911  with  Yorke  joints  and  was  shipped  to  Cardenas,  Cuba.  The  same 
year  was  also  manufactured  the  first  64-ft.  Yorke  standard  derrick  for 
use  in  pumping  and  cleaning  old  wells,  and  also  the  first  64-ft.  Woodworth 
rotary  derrick.  The  latter  was  sold  to  the  Hughes  Specialty  Well  Drill- 
ing Co.,  Charleston,  S.  C,  and  has  been  used  repeatedly  in  drilling  water 
wells  in  Geoi^a,  Alabama,  South  Carolina,  and  Florida.  In  addition  to 
the  64-ft.  Mr.  Hughes  also  had  a  72-ft.  Yorke  steel  derrick  in  use  in  his 
water-well  operations.  This  was  blown  down  by  cyclone  at  Statesville, 
Ala.,  straightened  out  and  re-erected  by  four  men  in  nine  days  at  a  cost 
of  162.  Not  a  piece  was  lost ;  only  three  pieces  had  been  actually  cracked 
or  broken  and  these  were  spUced  with  plates.  A  wooden  derrick  in  the 
same  storm  was  totally  destroyed  (see  Fig.  34).  Many  of  the  72-ft. 
California  derricks  manufactured  in  this  year  went  to  Casper,  Wyo.,  and 
were  used  in  the  opening  up  of  the  new  Salt  Creek  field. 
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The  rotary  steel  derricks  were  first  offered  for  sale  in  July,  1911. 
Their  introduction  was  due  to  a  first-hand  investigation  made  by  the 
writer  of  drilling  practice  in  Texas  and  Louisiana.  The  first  64-f t.  rotar}' 
derrick  was  used  for  water-well  drilling.  The  second^  72  ft.  high,  was 
made  in  1912  for  the  Southern  Well  Works  Co.,  Chattanooga,  Tenn., 
and  shipped  to  Gillespie  &  Co.,  San  Fernando,  Trinidad,  for  use  in  that 
field.  In  the  same  year  was  made  the  first  80-ft.  California  Combination 
rotary  derrick.  Four  of  these  were  made  into  complete  rigs  for  the  Penn- 
Mex  Fuel  Co.  and  were  shipped  to  Tampico,  Mexico,  for  use  in  the  devel- 
opment of  its  extensive  holdings  on  the  Panuco  River.  In  the  same  year 
also  were  made  the  first  40-ft.  Yorke  derricks  for  the  Duquesne  Natural 
Gas  Co.,  Tulsa,  Okla.  These  derricks,  while  designed  primarily  for 
pumping  and  cleaning,  were  made  of  sufficient  strength  and  stiffness  to 
pull  casing. 

The  third  field  of  drilling  enterprise  was  entered  in  1913  when  two 
40-ft.  Yorke  derricks  were  sold  to  the  Sullivan  Machinery  Co.  and  shipped 
to  Montivideo,  Uruguay,  for  mineral  exploration.  In  the  same  year 
this  company  purchased  also  a  64-ft.  derrick,  which  was  shipped  to  Cleve- 
land-Cliffs Iron  Co.,  Negaunee,  Mich.,  for  mineral  exploration  on  the 
iron  ranges.  The  derricks  were  furnished  with  a  different  crown  block; 
otherwise  there  was  no  essential  modification. 

The  first  80-ft.  heavy  California  derrick  was  manufactured  in  1913 
and  it  is  remarkable  that  the  two  then  made  were  not  used  either  for  oil 
drilling  or  for  water  drilling  or  for  mineral  exploration,  but  were  utilized 
by  the  Duquesne  Light  Co.  at  Neville  Island,  Pittsburgh,  in  the  support 
of  light  cables  and  other  wires  across  the  river  during  the  reconstruction  of 
the  Ohio  Connecting  Bridge  of  the  Pennsylvania  Lines  West. 

Four  super-heavy  California  Combination  derricks  were  made  in  the 
same  yeai:  and  used  in  complete  rigs  by  the  Caribbean  Petroleum  Co.  at 
Maracaibo,  Venezuela. 

This  year  is  also  marked  by  the  introduction  of  the  59-ft.  rotary  der- 
ricks, the  first  of  which  was  shipped  to  the  Cruse  Syndicate,  Port  of  Spain, 
Trinidad;  the  80-ft.  rotary  derricks,  two  of  which  went  to  the  same  com- 
pany, and  others  to  the  Southwestern  Gas  &  Electric  Co.,  Shreveport, 
La.,  for  use  in  the  Caddo  field,  and  also  the  106-ft.  heavy  Woodworth 
rotary  derricks,  the  first  of  which  was  made  for  the  Oil  Well  Supply  Co. 
and  shipped  to  the  American  Trading  Co.,  Buenos  Aires,  Argentine. 
Mention  should  also  be  made  of  the  86-ft.  heavy  California  derrick  which 
was  first  fabricated  in  this  same  year  as  a  part  of  a  complete  driUing  rig. 

The  80-ft.  derrick  is,  as  a  rule,  of  sufficient  height  for  ordinary  cable- 
tool  drilling  as  practiced  in  the  Appalachian  oil  and  gas  fields,  in  Okla- 
homa, Wisconsin,  Wyoming,  etc.  Recently,  however,  the  tendency  has 
been  in  the  direction  of  longer  strings  of  tools  and  casing,  and  especially 
more  room  is  required  for  the  heavier  sheaves,  hooks,  etc.,  used  in  deep 
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drilling.  The  86-ft.  heavy  California  derrick,  therefore,  constructed  in 
1913,  was  built  on  account  of  the  increase  in  heights  required  by  drilling 
improvements.  It  was  followed  in  1914  by  the  86-ft.  rotary  derrick,  the 
first  of  which  went  to  F.  E.  Spence,  Semmes,  Ala. 

The  structural  steel  derrick,  as  thus  developed,  has  had  a  gradual 
but  wide  distribution.  It  is  to  be  found  in  Ohio,  West  Virginia,  Pennsyl- 
vania, Michigan,  Colorado,  Louisiana,  Texas,  Wyoming,  Oklahoma, 
Montana,  Tennessee,  Georgia,  Florida,  Virginia,  Peru,  Argentine,  Uru- 
guay, Trinidad,  Venezuela,  Cuba,  Mexico,  Ontario,  Alberta,  the  Orange 
Free  State,  the  Netherlands,  and  Burmah.  It  has  been  used  in  drilling 
oil  wells,  gas  wells,  water  wells,  salt  wells,  and  in  mineral  exploration. 
The  number  of  such  derricks,  while  steadily  on  the  increase,  has' fluctu- 
ated somewhat  from  year  to  year.  An  idea  .of  the  variety  of  designs  re- 
quired is  gathered  from  the  statistics  of  manufacture  in  1913,  in  which 
year  their  use  was  not  seriously  affected  by  the  recent  depression  in  the 
oil  and  gas  fields.  Sales  that  year  included  two  40-ft.  Yorke  standard 
derricks;  one  69-ft.  Woodworth  rotary;  four  64-ft.  Wood  worth  standard; 
two  72-ft.  Woodworth  standard;  three  72-ft.  Yorke  standard;  three  72-ft. 
Yorke  California;  62  80-ft.  Yorke  standard;  16  80-ft.  Woodworth  stand- 
ard; five  80-ft.  Woodworth  rotary;  five  80-ft.  Woodworth  California; 
three  80-ft.  heavy  Woodworth  California;  four  80-ft.  superheavy  Wood- 
worth  California,  one  86-ft.  heavy  Woodworth  California,  and  one  106-ft. 
Woodworth  rotary  derrick.  Sales  that  year  included  30  complete  rigs,  of 
which  17  were  furnished  with  structural  steel  derricks,  and  13  were  for 
use  with  pipe  derricks.  Derricks  were  furnished  with  and  without  bases. 
In  addition  to  more  or  less  complete  structures,  there  were  manufactured 
numerous  miscellaneous  lots  of  separate  bases,  house  framing,  machinery 
supports,  bull  wheels,  band  wheels,  calf  wheels,  walking  beams,  tops, 
crown  blocks,  and  girts  for  pipe  derricks,  etc. 

3.  Derrick  Joints 

The  long-panel  steel  derricks  were  fully  spliced  at  the  joints;  that  is, 
the  structural  steel  detail  designers  followed  the  same  method  of  pro- 
cedure as  was  in  vogue  in  the  detailing  of  structural  steel  towers  for  water 
tanks,  etc.  They  put  in  sufficient  bolts  and  rivets  at  each  joint  to  develop 
the  full  strength  of  the  section,  and  proceeded  in  like  manner  with  the 
diagonal  braces  and  the  girts.  Some  of  the  joints  were  made  even  with 
both  interior,  and  exterior  splices.  The  strength  of  a  derrick  is,  of  course, 
no  greater  than  the  strength  of  the  weakest  part;  and  careful  considera- 
tion was,  therefore,  rightly  given  to  this  important  feature.  Experience, 
however,  has  indicated  that  the  derrick  legs  seldom  take  anything  other 
than  direct  compression  and  that  in  consequence  it  is  safe  to  proceed  with 
somewhat  fewer  bolts  and  rivets  than  would  be  considered  necessary  in 
structural  steel  work  generally.  The  tendency,  therefore,  in  the  devel- 
opment of  the  structural  steel  derrick,  as  well  as  in  the  structural  steel 
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rig,  has  been  to  eliminate  superfluous  bolts  and  thus  to  reduce  their 
number  to  a  minimum.  The  splice  should  be  of  sufficient  lei^h  to 
prevent  lifting  of  the  leg  therefrom  under  an  unequally  distributed  load 
on  the  crown  block,  and  there  should  be  sufficient  bolts  in  the  girts  and 
braces  to  resist  all  probable  wind  pressures. 

In  the  previous  section,  referpnce  has  been  made  to  different  types  of 
derricks  by  name.  These  names  have  been  adopted  as  a  matter  of 
commercial  convenience  and  have  particular  reference  to  the  character 
of  the  joint, 

a.  Woodworth  Derricks. — These  are  covered  generally  by  patent  No. 
960,474,  of  June  7,  1910,  and  have  always  been  made  with  the  standard 
structural  steel  splices  customary  in  steel  building  construction,  with  the 
proviso  above  noted. 


Fig.  35. — Woodwobth  Deriuck  Joints. 


The  four  short-panel  steel  derricks  built  for  the  Carnegie  Natural  Gas 
Co.  in  September,  1908,  and  subsequent  derricks  of  the  same  type,  were 
made  with  the  joint  shown  in  a,  Fig.  35.  The  gusset  plates  at  each  inter- 
section were  riveted  to  the  lower  leg  sections  by  eight  rivets.  There  were 
inside  sliding  bars  to  form  a  pocket  for  the  upper  leg  section.  There  were 
four  bolts  for  each  of  the  girts  and  three  bolts  for  each  of  the  braces, 
making  with  the  bolts  for  the  leg  a  total  of  28  to  be  placed  by  the  rig 
builders,  or  a  total  of  112  at  each  panel. 

In  June,  1909,  the  joint  shown  in  h,  Fig.  35,  was  adopted.  It  will  be 
noted  that  the  inside  bar  was  still  retained,  and  that  wide  gusset  pl&tes 
were  still  used  but  that  the  number  of  bolts  of  each  intersection  had  been 
reduced  to  12. 
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This  style  of  joint  continued  in  use  for  about  two  years  until  Feb.  25, 
1911,  when  the  joint  shown  in  d,  Fig.  36,  was  adopted.  It  will  be  noted 
that  now  the  gusaet  plate  was  riveted  to  the  girtj  that  the  holes  in  the 
legs  were  all  open  and  that  the  diagonal  braces  were  run  in  to  take  the 
bolts  in  the  angle  l^s,  the  number  of  which  has  been  reduced  to  eight. 
This  type  of  joint  was  further  simplified  Aug.  29,  1912,  when  square-root 
angles  were  adopted  for  splices  in  the  place  of  plates.  This  form  of  joint, 
shown  in  e,  Fig.  36,  represents  the  irreducible  minimum.  The  square- 
root  angle  is  riveted  to  the  lower  leg  section.  The  girts  and  braces  are 
punched  with  only  one  hole  in  each  end,  and  there  are  but  eight  bolts  at  a 
joint  to  be  put  in  and  taken  out  by  the  rig  builders,  or  a  total  of  32  at  each 
panel  as  compared  with  the  1 12  which  were  used  in  1908.    This  joint  has 
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given  entire  satisfaction,  and  has  been  amply  adequate  to  the  needs  of  the 
structure.  No  derrick  failures  have  taken  place  in  the  Woodworth 
derricks  at  the  joint,  as  indeed  there  have  been  extremely  few  for  any 
cause. 

The  square-root  angle  joint  last  referred  to  is  only  suitable  for  the 
relatively  lighter  drilling  derricks.  The  l&rgest  size  square-root  angle 
rolled  by  any  rolling  mill  in  the  United  States  is  4  by  4  in.,  which  can  be 
used  on  angles  with  a  maximum  width  of  5  in.  The  ordinary  structural 
angles  are  not  suitable  for  derrick  joints  on  account  of  their  inside  fillets, 
which  do  not  permit  them  to  fit  snugly  against  the  derrick  legs,  and  in 
consequence  in  al!  the  heavy  derricks  with  leg  sections  6  in.  wide  or  wider, 
it  is  necessarj'  to  revert  to  gusset  plates.  Fig.  36  shows  in  /  the  standard 
joint  for  heavy  structures,  consisting,  at  each  intersection,  of  two  plates 
riveted  to  the  lower  leg  section  by  four  rivets,  and  with  all  the  other  con- 
nections open,  a  total  of  14  at  each  joint  or  56  for  each  panel.     This  is  the 
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type  of  joint  used  on  the  106-ft.  steel  drilling  rig  shown  at  the  Panama* 
Pacific  Exposition.  It  will  be  noted  that  while  this  derrick  is  figured  for  a 
safe  working  load  of  223,000  lb.  as  compared  with  the  92,000  lb.  com- 
puted as  safe  for  the  80-ft.  derrick  of  1908,  there  are  now  just  one-half  as 
many  bolts,  whereas  by  the  older  method  of  computation  two  and  a  half 
times  that  many  would  not  have  appeared  unreasonable.  The  1^ 
sections  are  not  faced,  but  the  holes  in  the  upper  section  are  spaced  on  a 
slightly  larger  spacing  than  the  holes  in  the  gusset  plates  or  square-root 
angles,  and  in  consequence,  when  erected,  the  two  sections  butt  smoothly 
and  tightly  together.  The  legs  are  cut  by  the  mills  with  extreme  accu- 
racy, and  in  consequence  the  }i%-ixi*  play  in  the  bolt  holes  is  amply  suffi- 
cient to  insure  a  solid  bearing,  and  this  soUd  bearing  is  the  thing  that 
is  now  relied  upon,  rather  than  the  full  splicing  of  the  joints  with  bolts 
in  shear,  to  transmit  the  load  from  the  crown  block  to  the  derrick  base. 

6.  Woodworth  Oklahoma  Derricks. — In  1909  the  Oklahoma  Iron 
Works  secured  ten  derricks  in  heights  of  55  and  68  ft.,  from  Joseph  T. 
Ryerson  &  Son  in  Chicago,  and  endeavored  to  introduce  them  in  that 
district.  So  far  as  the  writer  can  recall,  these  derricks  were  of  rather 
crude  construction,  the  girts,  made  of  small  channels,  being  extremdy 
flexible,  and  the  joints  inadequate.  An  investigation  was  made  of  the 
needs  of  that  field  and  in  that  year  a  very  light  type  of  derrick  was  placed 
on  the  market  in  the  expectation  that  it  would  prove  satisfactory  in  the 
drilling  of  shallow  wells  and  in  pumping  and  cleaning  old  wells. 

The  type  of  construction  at  the  joint  is  shown  in  c,  Fig.  35.  Splices 
were  made  by  means  of  short  bars  riveted  to  the  lower  leg  section,  above 
which  were  riveted  lug  angles  to  take  the  diagonal  braces,  which  were 
made  of  round  rods.  These,  however,  were  without  tumbuckles.  They 
were  made  with  long  threads  and  were  adjusted  to  proper  tension  by  the 
nuts  at  their  ends.  The  use  of  these  threaded  rods  was  adopted  in  the 
first  instance  to  reduce  weight  and  in  the  second  instance  because  drillers 
had  not  given  any  favorable  attention  to  turnbuckles. 

These  derricks  were  offered  for  sale  in  heights  of  55,  64,  72,  and  80  ft. 
Seven  72-ft.  derricks  and  six  80-ft.  derricks  were  placed  in  service  in  1910 
and  1911  in  Ohio  and  in  Oklahoma.  The  use  of  these  derricks  did  not 
commend  itself  to  the  operators,  and  their  manufacture  has,  in  conse- 
quence, been  discontinued.  They  are,  however,  believed  to  be  suitable 
for  light  work;  but  the  decrease  in  weight  is  somewhat  offset  by  increase 
in  manufacturing  cost. 

c.  Yorke  Derricks, — In  July,  1908,  the  writer  made  the  acquaintance 
of  Patrick  Yorke,  of  Washington,  Pa.,  a  drilling  contractor  of  some  30 
years'  experience  in  the  actual  production  of  oil,  who  had  made  a  number 
of  improvements  in  the  art  of  drilling.  He  had  patented  the  bolted 
wooden  derrick  shown  in  patents  No.  862,486,  of  May  7,  1907,  and  No. 
877,624,  of  Jan.  28, 1908,  to  which  were  added  subsequently  No.  898,027, 
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of  Sept.  6, 1908,  and  No.  946,816,  of  Jan.  18, 1910.  The  essential  feature 
of  these  patents  so  far  as  they  applied  to  derrick  constnictioB  was  the  use 
of  slots  formed  on  the  upper  and  lower  edges  of  connection  plates  and 
braces,  instead  of  round  holes,  the  girts  and  braces  beii^  adapted  to  be 
clamped  together  at  the  different  sections  by  bolts. 

The  portable  steel  derricks  manufactured  in  accordance  with  these 
ideas  have  been  known  as  the  Yorke  portable  steel  derricks,  advertised 
as  the  only  derricks  which  can  be  dismantled  without  removing  a  bolt — 
which  is  strictly  true  of  the  main  joints  only. 

Inasmuch  as  the  strength  of  the  joints  in  a  structure  of  this  fashion 
is  determined  not  by  the  shearii^  resistance  of  the  bolts  but  by  the  fric- 
tion of  the  gusset  plates  E^inst  the  main  members,  when  the  nuts  have 
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been  drawn  up  tightly,  the  idea  did  not  appeal  very  strongly  at  first  glance 
to  men  experienced  in  the  fabrication  of  structural  steel.  The  Carnegie 
Steel  Co.,  however,  undertook  the  manufacture  of  the  Yorke  derrick 
under  arrangements  with  Mr.  Yorke  and  continued  to  manufacture  it 
down  to  the  end  pf  1913,  when  the  association  ceased  by  mutual  consent. 
Mr.  Yorke's  experience  in  the  actual  drilling  of  wells  combined  with  the 
experience  of  the  Carnegie  Steel  Co,  in  the  manufacture  of  structural 
steel  resulted  in  the  development  of  a  drilling  structure  well  suited  for  the 
lighter  kinds  of  work  done  in  standard-rig  drilling  practice. 

The  first  Yorke  derrick  manufactured  by  the  Carnegie  Steel  Co.  was 
shipped  Jan.  8, 1909,  to  the  Manufacturers  Light  &  Heat  Co.  for  use  near 
Waynesburg,  Pa.  It  had  no  steel  crown  block  or  steel  base,  and  the 
ladder  was  made  of  wood.  Steel  bases,  ladders,  and  crown  blocks  were, 
however,  added  in  the  development  of  the  derrick,  and  other  improve- 
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ments  were  made  from  time  to  time,  so  that  their  maDufacture  was  ulti- 
mately standardized  and  they  were  used  interchangeably  with  the  Wood- 
worth  derricks  and  made  from  the  same  shop  detail  drawings  so  as  t«  be 
interchangeable  with  them  in  the  construction  of  complete  rigs. 

In  the  first  derricks  the  joints  were  made  as  shown  in  a,  Fig.  37.  The 
connection  plates  were  riveted  to  the  girts  and  the  derrick  legs  were  over- 
lapped on  each  other  the  full  depth  of  the  gusset,  to  form  the  sphces. 
In  May,  1909,  details  were  modified  as  shown  in  b,  Fig.  37,  so  as  to  provide 
a  loiter  spUce  with  a  somewhat  simpler  method  of  erection,  by  reason 
of  the  elimination  of  the  countersunk  bolt  at  the  center  of  the  gusset  plate. 

In  August  of  that  year,  the  detail  shown  in  c,  Fig.  37,  was  adopted. 
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The  legs  were  made  abutting  instead  of  overlapping,  with  the  girt  riveted 
to  the  gusset  plate. 

This  method  of  construction  was  followed  for  two  years,  during  which 
time  a  number  of  them  were  placed  in  service.  There  were,  however, 
one  or  two  failures  by  reason  of  the  pulling  out  of  the  derrick  legs  from 
the  splices,  under  the  influence  of  unequally  distributed  loading  on  the 
crown  block.  The  difficulty  was  finally  traced  to  the  fact  that  the  splice 
were  of  insufficient  length  and  in  consequence  s  modification  was  made 
as  shown  in  rf,  Fig.  38,  which  is  the  same  as  c,  Fig.  37,  except  that  the 
splice  was  made  longer.  The  slots  in  the  diagonals  were  now  made  at 
right  angles  instead  of  vertical. 

This  solved  that  problem  and  there  were  no  further  difficulties  on 
that  score;  but  when  the  Woodworth  derrick  joints  were  changed  from 
gusset  plates  to  square-root  angles  in  August,  1912,  the  Yorke  derrick 
joints  were  modified  in  the  same  manner  and  in  consequence  were  made  in 
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accordance  withe,  Fig.  38,  and  so  continued  to  be  made  until  theend  of  1913. 
On  Mar,  24,  1914,  Mr.  Yorke  was  granted  patent  No.  1,090,950  covering 
further  improvements  in  metallic  derricks  for  use  in  oil,  gas,  salt,  and  ar- 
tesian wells,  although  equally  applicable  for  minii^  shafts,  hoists,  and 
other  towers  generally,  the  parts  of  which  were  said  to  be  so  constructed 
and  arranged  that  they  might  be  quickly  assembled  and  disassembled 
without  putting  in  or  taking  out  a  single  bolt.  The  patent  lock-bolt  con- 
struction in  its  latest  form  is  shown  in  /,  Fig.  38,  and  I  understand  that 
a  number  of  them  have  been  manufactured  by  the  O'Brien  Steel  Construc- 
tion Co.,  Washington,  Pa.,  and  placed  in  service  in  the  Appalachian  oil 
and  gas  hdds. 

d.  The  Fouckes  Joint. — While  the  Yorke  and  Woodworth  drilling 
derricks  have  given  good  service,  and  their  erection  has  been  sunplified 
and  cheapened  by  a  number  of  improvements,  introduced  as  aheady 
stated,  the  derricks  still -remain  subject  to  the  usual  methods  of  shop 
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manufacture,  whereby  wooden  templates  are  made,  the  holes  marked 
off  in  accordance  therewith  and  punched.  To  do  away  with  these  ele- 
ments of  shop  cost,  as  well  as  to  simplify  the  work  of  erection,  various 
expedients  have  been  conceived,  none  of  which  have  come  to  actual 
fruition  with  the  exception  of  that  now  to  be  noted. 

The  Foukes  joint  is  the  invention  of  Philip  Foukes,  Superintendent 
of  the  Upper  Union  Mills  fitting  shop  of  the  Carnegie  Steel  Co.,  and  his 
method  of  construction  is  shown  in  Fig.  39.  It  consists  essentially  of  a 
foi^ed-steel  plate  formed  to  shape  under  dies,  to  take  the  derrick  legs, 
with  an  outstanding  wing  to  receive  the  girts  and  braces.  The  derrick 
legs  do  not  require  any  punching,  except  that  a  small  button  is  fgrmed 
on  their  upper  ends  just  below  the  clamp,  which  serves  as  a  temporary 
support  during  the  process  of  erection.  When  the  derrick  is  erected  the 
I^  section  is  hoisted  into  position  with  the  clamp  in  place,  girts  and  braces 
are  inserted,  and,  when  all  connections  at  the  joint  have  been  made,  the 
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bolts  are  t^htened,  and,  by  reason  of  the  spring  action  in  the  plates,  not 
only  are  they  rigidly  held  in  place  but  also  the  clamp  is  firmly  attached 
to  the  legs. 

This  joint,  tested  previously  in  the  shop,  was  first  introduced  in  an 
experimental  way  by  the  Carnegie  Natural  Gas  Co.,  in  1914.  Seven 
derricks  for  drillers  and  pumpers,  80  ft.  and  64  ft.  in  height,  have  been 
erected  and  have  given  complete  satisfaction. 

VIII.  Structural  Steel  Drilling  Rigs 

By  the  substitution  of  structural  steel  for  wood  in  derrick  construction 
little  reduction  is  made  in  weight,  for  the  reason  that  there  is  little  excess 
of  material  in  the  wooden  derricks — ^a  result  of  long  experience  in  their 
construction.  This  is  not  the  case,  however,  with  such  pieces  as  samson 
posts,  jack  posts,  foundation  sills  and  other  heavier  portions  of  the  sub- 
structure. With  steel,  it  is  practicable  to  adjust  very  nicely  to  exact 
requirements  the  strength,  and  with  it  the  weight,  of  members.  While 
some  economies  have  been  effected  by  the  use  of  steel  derricks,  much 
more  has  been  gained  by  the  substitution  of  steel  for  wood  throughout 
the  entire  dri^-ing  structure,  so  that,  while  a  steel  derrick  of  equivalent 
height  and  strength  to  a  wooden  one  would  weigh  approximately  the 
same,  a  complete  steel  drilling  rig  will  weigh  only  about  three-fourths  as 
much  as  the  corresponding  structure  built  in  wood.  This  reduction  in 
weight  not  only  reduces  the  cost  but  is  an  important  consideration  in  a 
structure  intended  to  be  semi-portable.  For  this  reason,  when  the  intro- 
duction of  steel  drilling  structures  was  commercially  undertaken,  endeav- 
ors were  made  to  carry  the  substitution  of  steel  for  wood  to  the  utmost 
extent. 

1.  Rigs  Wholly  or  Chiefly  of  Structural  Steel 

It  has  been  noted  that  the  two  72-ft.  California  steel  derricks  shipped 
to  South  America  in  1908  were  complete  with  base,  steel  walking  beam, 
machinery  supports,  house  framing,  and  ladder.  This  was  good  so  far  as 
it  went.  The  next  step  was  to  build  a  rig  complete  with  derrick,  crown 
block,  ladders,  base,  machinery  supports,  samson  post,  jack  posts, 
knuckle  posts,  walking  beam,  bull  wheel,  band  wheel,  house  framing,  etc., 
all  of  steel,  and  to  cover  it  with  corrugated  steel  roofing  and  siding*  This 
step  was  taken  in  1908  when  four  80-ft.  rigs  were  built  for  the  Cam^e 
Natural  Gas  Co.  for  use  in  Washington  and  Westmoreland  Counties,  Pa., 
and  Wetzel  County,  W.  Va.  The  construction  of  the  derricks  for  these 
rigs  has  already  been  referred  to.  The  working  parts  were  built  entirely 
of  structiu'al  steel,  with  the  exception  of  the  crown  pulleys  and  sand  red, 
which,  having  been  made  already  in  metal,  it  was  not  necessary  to  re- 
design.   The  house  framing,  however,  was  continued  out  only  so  far  as 
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the  sand  reel,  the  remainder  of  the  belt  house  and  the  engine  house  h&Jig 
of  wood  (see  Fig.  40). 

In  the  same  year  a  complete  design  was  worked  out  for  a  55-ft.  rig  to 
be  used  in  cleaning  and  pumping  old  wells  and  for  shallow  drilling.  Rigs 
of  this  sbrii  have  not  been  built.  The  wheels  and  walking  beam  of 
the  standard  rig  have,  however,  been  used  with  64-ft.  derricks. 

Three  80-ft.  Woodworth  drilling  rigs  were  built  for  the  Carnegie 


Natural  Gas  Co.  in  1909  and  were  first  erected  at  Avon,  Ohio,  and 
Lumberport,  W.  Va.,  for  the  drilling  of  gas  wells.  It  is  usually  imprac- 
ticable to  follow  up  the  records  of  drilling  equipment  manufactured  and 
shipped  broadcast  to  the  ends  of  the  earth.  In  the  case  of  these  rigs, 
however,  records  of  the  Carnegie  Natural  Gas  Co.  were  avaOable.  By 
the  end  of  1910,  one  of  the  80-ft.  rigs  made  in  1908  had  drilled  five  wells 
with  a  total  depth  of  13,901  ft.  and  up  to  the  end  of  1912  one  of  the  1909 
rigs  erected  at  Avon,  Ohio,  had  drilled  six  wells  with  a  total  depth  of 
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17,808  ft.     One  of  these  wells,  C.  M.  Green  No.  1,  Avon  Township, 
Lorain  County,  Ohio,  reached  the  depth  of  4,440  ft. 

Six  72-ft.  California  rigs  were  made  in  1909  and  shipped  to  the  Bunn&b 
Oil  Co.,  Ltd.,  at  Rangoon.  These  rigs,  however,  while  fitt«d  up  com- 
plete with  derricks,  machinery  supports,  house  framing,  walkit^  beam  and 
samson  post,  and  metal  sand  reel,  utUized  wooden  bull,  calf,  and  band 
wheels,  which  is  an  instance  of  what  has  happened  all  through  the  course 
of  the  development.  The  equipment,  while  designed  primarily  to  be  used 
as  a  unit,  is  interchangeable  with  other  types  of  material,  such  as  wood 
and  pipe.    This  would  not  be  the  case  had  the  designer  not  deliberately 


chosen  to  follow  the  well-recognized  lines  of  oil-well  structures  and  to 
depart  therefrom  only  for  very  good  and  sufficient  considerations. 

The  first  standard  combination  rigs  were  manufactured  in  1912,  80  ft- 
high,  and  were  shipped  Apr.  25.  The  first  went  to  I.  N.  Knapp,  Hoiuns, 
La.,  and  the  second  to  Icacos  Development  Co.,  Trinidad.  In  the  Knapp 
rig,  it  may  be  noted,  the  engine  was  placed  between  the  draw  worts 
and  the  band  wheel,  both  of  which  it  drove  by  sprocket  drive.  Mr. 
Knapp  drilled  three  wells  with  this  rig  in  the  search  for  oil  in  Terre  Bonne 
Parish,  and  after  the  endeavor  was  definitely  abandoned  on  account  of 
geological  conditions,  the  rig  was  sold  to  the  Southwestern  Gas  &  Elec- 
tric Co.,  of  Shreveport,  La,,  at  a  very  handsome  figure  with  previous  use 
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considered,  &nd  has  doubtless  drilled  a  number  of  wells  since.  The  Icacos 
rig  drilled  a  fine  oil  well  at  its  first  location  in  62  ft.  of  sand,  at  a  depth  of 
2,859  ft.,  the  first  1,032  ft.  of  which  was  drilled  with  cable  tools  and  the 
remainder  with  rotary,  the  diameter  of  the  hole  being  16  in.  at  the  top  and 
8  in.  at  the  bottom. 

■  The  first  80-ft.  California  combination  rigs  were  buUt  the  same  year, 
three  of  them  going  to  the  Penn-Mex  Fuel  Co.  at  Tampico.  The  first  80- 
ft,  heavy  California  combination  rigs  were  made  in  1913  for  the  Carib- 


Fio.  42. — 72-FT.  WooDWOBTH  Caufobnta  Riq.    The  1904  Strdctuke. 

bean  Petroleum  Co.,  and  shipped  to  Maracaibo,  Venezuela.  The  first 
86-ft.  heavy  California  rig  was  made  in  1913  on  order  of  the  Oil  Well 
Supply  Co.  for  the  Calgary  Petroleum  Products  Co.,  Calgary,  Alberta, 
Canada. 

It  has  been  impracticable  to  follow  up  the  record  of  these  rigs.  They 
have  been  built  on  the  same  general  lines  with  California  double- 
drum  aand  reels  located  on  the  walk  side.  In  1913,  however,  a  rig  was 
built  for  the  Hope  Natural  Gas  Co.  for  use  in  West  Virginia  to  take  a  very 
long  special  sand  reel  set  on  a  bevel.     Thb,  of  course,  necessitated  a 
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thoroi^  revision  of  the  general  design.  While  some  drillers  have 
objected  somewhat  to  the  use  of  the  straight-Une  reel  set  on  the  walk  side, 
experience  has  indicated  that  drilling  rigs  can  be  built  much  more  com- 
paetly  in  that  way;  and  when  standard  rig  drillers  become  accustomed 


Tm    CoMPLrre 


to  the  modification  by  practice,  the  construction  is  found  to  be  very  satis- 
factory; just  as  in  the  case  of  the  wooden  California  rig,  in  which  the  use 
of  an  iron  sand  reel  set  on  the  walk  side  has  been  standard  practice  fot 
many  years  (see  Figs.  43A  and  43B). 

Practice  in  the  construction  of  combination  rigs  is  not  yet  absolutely 
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standardized.  The  rigs  already  referred  to  have  been  built  for  use  «ith 
one  engine,  from  whose  pulley  power  is  transmitted  to  the  band  wheel  by 
belt,  and  from  the  band  wheel  to  the  bull  wheel  or  calf  wheel  in  the  usual 
manner,  and  to  the  draw  works  located  on  the  walkii^-beam  side  by 
supplementarj-  sprocket  on  the  band-wheel  shaft.  The  106-ft.  heaiT 
California  combination  drilling  rig  (Fig.  44)  now  on  exhibition  at  the 


Fio.  44.— 106-FT.    Caupohnia    Combinatiok    DoiujKa    Rio.     Panama-Paotw: 
International  Exposition,  191S. 


Panama-Pacific  International  Exposition  may  be  considered  as  repre- 
senting the  culmination  in  this  line  of  development  and  also  ae  the  most 
complete  drilhng  machine  ever  constructed.  It  is  designed  for  use  irith 
two  engines,  one  to  drive  the  rotary  and  the  other  for  use  with  cable  tools. 
The  walking  beam  is  mounted  on  revolving  center  irons,  and  can  thus  be 
swung  out  of  the  way  of  the  drill  pipes  when  the  rotary  is  in  use.  As  a 
consequence,  the  most  rapid  interchange  of  drilling  tools  can  be  effected, 
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and  drilling  proceeds  with  rotary  or  cable  at  the  option  of  the  operator. 
All  the  material  is  structural  steel  except  the  floor  platforms,  the  cants  for 
band,  bull,  and  calf  wheels  and  the  nailing  strips  to  which  the  corrugated 
iron  covering  is  attached.  The  bull  wheel  is  8  ft.  in  diameter  with  an 
18-in.  O.  D.  pipe  shaft,  16  ft.  long  over  gudgeons:  the  calf  wheel  is  7.5  ft. 
in  diameter,  16-in.  pipe  shaft,  90-in.  sprocket;  the  band  wheel  is  11  ft.  in 
diameter,  12-in.  face,  with  7-ft.  tug  wheel,  double  drive;  the  band-wheel 
shaft  is  6  in.  in  diameter  with  42-in.  calf-wheel  sprocket;  the  sand  reel 
is  a  California  double  drum,  with  42-in.  pulley  and  40-in.  flanges;  the 
walking  beam  12  by  24  in.,  26  ft.  long  between  centers  of  bearings, 
equipped  with  cable  protector  and  spring  pitman  box.  The  pitman  is 
of  wood.  This  could  be  made  of  steel,  and  it  is  understood  that  steel 
pitmans  (Smith  and  Hess  pattern)  have  come  into  recent  use  on 
wooden  rigs  in  the  California  field.  They  have  also  been  used  experi- 
mentally in  West  Virginia  gas-well  drilling.  The  steel  foundation  of  this 
rig  is  set  on  concrete  blocks  to  represent  the  most  recent  and  best  practice. 
The  total  weight  of  the  rig,  not  including  wooden  floor,  platforms,  and 
nailing  strips,  is  81,310  lb.  It  will  sustain  an  ordinary  working  load  of 
223,000  lb.  on  the  usual  factor  of  safety  of  four.  It  would  probably 
require  a  direct  pull  of  at  least  twice  this  amount  before  serious  injury 
were  done  to  the  structure. 

Structural  steel  drilling  rigs  adapted  to  the  Canadian  method  of  drill- 
ing with  steel  derricks  56  ft.  high  are  shown  in  the  1909  catalogue  of  the 
Deep  Well  Tool  &  Boring  Co.,  Ltd.,  St.  Albans,  England.  They  appear 
also  in  the  1912  catalogue  of  the  Oil  Well  Engineering  Co.,  Manchester 
and  London,  England.  Steel  drilling  rigs  adapted  to  the  Galician  method 
of  drilling  are  advertised  by  the  Galician-Carpathian  Petroleum  Corpora- 
tion. The  writer  has  no  specific  information  as  to  how  far  these  rigs 
have  come  into  use  or  details  of  their  construction. 

9 

2.  Pipe  Rigs 

As  already  noted,  the  principle  of  interchangeability  has  been  kept 
in  mind  in  this  development.  Parts  of  the  steel  equipment  may  be,  if 
desired,  of  wood.  Such  use  does  not  concern  the  manufacturer.  He  is 
interested,  however,  when  structural  steel  drilling  equipment  is  to  be  used 
with  pipe  derricks,  since  in  that  case  he  must  work  out  the  shop  details 
necessary  to  insure  satisfactory  operation. 

The  first  structural  steel  rigs  for  use  with  pipe  derricks  were  made  in 
1909  for  the  South  Penn  Oil  Co.  Eleven  of  them  were  used  in  that  year 
in  the  Shinnston  district.  These  were  not  complete.  What  the  struc- 
tural steel  man  furnished  was  the  derrick  foundations,  machinery  sup- 
ports, house  framing,  corrugated  sheeting,  walking  beams,  and  bull  wheels. 
Pipe  derricks  were  made  by  the  South  Penn  Oil  Co.  in  its  own  shops,  and 
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the  band  wheels,  sand  reels,  band-wheel  shafts,  etc.,  were  taken  from  its 
own  stock.  Numbers  of  these  rigs,  more  or  less  complete,  for  use  with 
pipe  derricks,  have  been  built  since  that  date,  chiefly  in  conjunction  with 
Lee  Q,  Moore  &  Co.,  who  are  the  manufacturers  of  the  Neill  pipe  derrick, 
as  already  noted.    The  South  Penn  Oil  Co.  has  some  three  dozen  of  time 


rigs  in  use  id  its  extensive  drilling  work  in  West  Virginia.  The  verj' 
heaviest  so  far  built,  however,  were  two  95-ft.  California  combiaatioii 
rigs  constructed  in  1914  for  Lee  C.  Moore  &  Co.  and  shipped  to  the  Anglo- 
Mexican  Petroleum  Products  Co.,  Tampico,  Mexico.  These  rigs  wwghed 
53,000  lb.  each,  not  including  the  pipe  derrick. 
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3.  Parts  of  Rigs 

Just  aa  improvements  liave  been  introduced  in  the  manufacture  of 
steel  denicks  from  time  to  time,  generally  in  the  direction  of  the  simpli- 
fication of  details  and  the  reduction  of  weight,  so  also  have  improvements 
been  made  in  the  separate  parts  of  the  drilhng  rig,  which  are  worthy  of 
notice  as  bearing  on  the  present  state  of  the  art  and  the  methods  by  which 
it  was  reached.    Some  of  these  are  covered  by  letters  patent :  No.  932,081 


and  No.  1,090,184  on  bull  wheels,  No.  1,020,069  od  bind-wheel  con- 
struction and.  No.  960,474  on  the  general  assembling  and  make-up  of  a 
complete  drilling  rig. 

a.  Crown  Blocks. — The  first  two-pulley  crown  blocks  were  constructed 
of  steel  channels  with  babbitted  top  and  bottom  bearings,  and  used  on 
derricks  made  in  1908  and  1909.  The  users,  however,  did  not  seem  to 
require  top  bearings  and  so  these  were  discontinued.  As  a  matter  of 
fact,  a  great  many  still  prefer  not  to  have  any  metal  bearings  whatever, 
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but  to  use  pieces  of  wood.  The  first  crown  blocks  were  without  any 
protectioD  against  cable  wear.  The  present  and  most  approved  method 
in  the  construction  of  two-pulley  crown  btoeks  for  standard  driUiag  is  to 
make  them  of  steel  beams  with  babbitted  bottom  bearings  and  to  line 
the  top  and  bottom  flai^es  with  wood,  in  order  (1)  to  prevent  the  drilline 
cables  from  coming  in  contact  with  the  sharp  edges  of  the  beams  at  the 
bottom;  and  (2)  to  provide  a  proper  wearing  surface  at  the  top  where 
sheaves  are  bung  below  the  crown  block  for  pulling  the  casing  (see 
Fig.  47). 

The  four  and  six  pulley  California  crown  blocks  are  likewise  made  of 
beams  and  protected  by  wood;  but  inasmuch  as  theee  blocks  are  used  with 
wire  lines,  the  most  recent  tendency  is  to  omit  wood,  which  is  likeniae 
done  in  the  case  of  the  five-pulley  block  used  on  rotary  derricks.  The 
106-ft.  steel  drilling  rig  at  the  Panama-Pacific  International  Exposition 
is  furnished  with  a  seven-pulley  crown  block  with  babbitted  bottom  besr- 
ings.  and  with  top  steel  bent  plate  covers  fitted  with  grease  cups. 


Fig,  47.— Six-Pcll8t  CALiroiunA  Ceown  Block. 

The  steel  crown  block  has  been  in  use  many  years  on  wooden  derricks. 
The  first  known  to  the  writer  were  used  in  Texaa  on  rotary  derricks  io 
1909.  Very  heavy  blocks  fitted  with  special  bearings,  self-oiling  devices, 
etc.,  have  within  the  last  year  or  two  come  into  use  in  the  Californift 
fields,  and  are  made  by  the  larger  dealers  in  oil-well  supplies  In  their  own 
shops.  Some  of  them  are  made  to  permit  adjustment  in  the  position 
of  the  pulleys  at  almost  any  desired  location,  extra  holes  being  provided 
for  that  purpose.  Such  are  used  by  the  Standard  Oil  Co.  of  Californift 
in  its  rotary  drilling. 

6.  Bull  Wheels  and  Calf  Wheels. — Steel  drillii^  r^s  are  characterized 
by  the  use  of  bull  wheels  built  with  channel  spokes  and  wood-filled  plate 
rims  attached  to  a  pipe  shaft.  The  spokes  of  the  first  bull  wheels  made 
in  1908  were  constructed  of  6-in.  I-beams  connected  to  the  shaft  through 
forged  angle  flanges  and  set  radially,  and  the  rims  were  made  of  steel 
channels  with  the  flanges  turned  outward  and  with  wooden  cants  laid 
in  and  bolted  thereto  in  the  line  of  their  depth.  The  gudgeons  were  of 
bowl  type  and  were  screwed  on  the  outside  of  the  pipe  with  stand- 
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ard  threading  with,  in  addition,  four  set  screws  to  prevent  sUpping  (see 
Fig.  48). 

The  wheels  are  now  made  with  16  or  18  in.  0.  B.  pipe  shafts  and  with 
inside  gudgeons  bolted  to  the  pipe.  The  spokes  are  made  of  steel  chan- 
nelB,  bolted  tangentially  to  the  shaft,  which  method  does  away  with  the 
forgii^  required  in  milking  the  angle  flanges.  The  bralqe  wheel  has  a 
9-in.  face  and  is  made  with  a  plate  rim  riveted  to  the  channel  spokee  and 
carrying  wooden  fillers  similar  to  the  standard  wooden  cants.  The  tug 
wheel  is  made  in  the  same  way,  except,  of  course,  that  the  cants  are 
grooved  for  double  tug,  and  provision  is  made  for  the  attachment  of  a 
wooden  dog  for  drawing  the  rope  on  and  off.  The  hand  holds  for  turning 
the  wheel  are  made  of  gas  pipe  bolted  by  ^-in.  bolts  through  the  entire 
thickness  of  the  wooden  cants  and  the  plate  rim. 


The  spool  ia  made  of  steel  angles  bolted  to  the  pipe  shaft  and  connected 
to  each  other  by  gusset  plates  so  as  to  form  practically  a  single  piece. 
Protection  of  the  drilling  cable  from  the  sharp  edges  of  the  steel  is  given 
by  two  coils  of  rope  wrapped  around  the  shaft  next  to  the  tug  wheel  (as 
is  often  done  in  a  wood  wheel)  or  by  wooden  strips  bolted  to  the  spokes, 
the  latter  being  the  preferable  manner.  Otherwise,  the  wheel  is  ready 
for  use  as  it  comes  from  the  maker. 

Bull  wheels  are  usually  shipped  in  four  pieces,  the  two  wheels,  spool, 
and  shaft  being  separate.  Patent  No.  1,090,184  discloses  a  sectional 
wheel  designed  with  a  view  to  facilitate  shipment.  No  wheels  made  in 
accordance  therewith  have  yet  been  constructed.  Bull  wheels  with  metal 
tug  rims,  however,  have  been  made  for  experimental  purposes  and  their 
service  is  now  under  observation. 

Some  other  types  of  bull  wheels  may  be  noted  in  passing.  Ross  and 
Seeley,  Hollywood,  Cal.,  patented  Jan.  10, 1911,  No.  981,128,  iron  bull- 
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wheel  and  calf-wheel  shafts,  made  of  iron  pipe  with  outside  screwed 
gudgeons.  The  rims  and  spokes  are  of  wood  and  connected  to  the  shafts 
ingby  heavy  castings  (hubs).  The  calf-wheel  shafts  are  lagged  with  rope 
to  make  the  shaft  the  proper  size  and  form  a  cushion  for  the  wire  casing 
hnes.  The  bull  wheels  are  not  lagged,  and  the  spools  are  constructed 
by  the  use  of  heavy  wood  friction  blocks  made  of  6  by  16  in.  timbers. 
Special  bearing  boxes  are  provided  for  attachment  to  the  wooden  bull 
and  calf  wheel  posts.  A  number  of  these  have  come  into  use  in  California- 
Within  the  last  year  or  two,  the  Cahfornia  fields  have  seen  the  intro- 
duction of  the  Keck  and  Hively  bull  wheels  and  calf  wheels.  These 
consist  of  pipe  shafts  with  bowl  gudgeons  and  square  wooden  friction 
blocks  bolted  to  the  shaft  for  the  attachment  of  the  wooden  spokes 
necessary  to  complete  the  rim.    Otherwise,  it  is  a  device  for  utilizing  on 


FiQ.  49. — Moore  Sectional  Bull  Wbebl. 

a  metal  shaft  regular  wooden  cants  and  spokes  customary  in  the  construc- 
tion of  wooden  rigs. 

Moore's  sectional  steel  bull  wheels,  however,  a  few  of  which  have  been 
introduced  in  the  Eastern  oil  and  gas  fields,  are  designed  to  provide  an 
all-metal  wheel  with  the  exception  of  the  rim.  They  utihze  16-in.  0-  D. 
pipe,  inside  cast-steel  gudgeons,  sectional  hub  castings,  and  tai^ent 
screwed  spokes,  carrying  at  their  circumference  metal  plates  on  which  tlie 
cants  are  set,  as  distinguished  from  the  method  employed  in  the  Wood- 
worth  wheels,  in  which  the  cants  are  set  within  the  rim  (see  Fig.  49). 

Woodworth  calf  wheels  have  been  made  in  the  same  manner  as  the 
bull  wheels  and  indeed  with  the  same  size  of  pipe  and  same  gudgeons,  with 
a  view  to  the  most  economic  manufacture.  The  first  wheels  made  in  1908 
were  without  fianges;  but  flanges  are  employed  in  most  recent  construe- 
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tion.  The  wheels  have  been  made  with  woodeD  grooved  rims  for  manila 
rope  drive,  with  iron  rims  for  manila  rope  or  wire  line  drive  and  with 
sprocket  rims  for  sprocket  drive 

c  Band  Wheels. — ^The  band  wheels  furnished  with  the  rigs  of  1908 
were  11  ft.  in  diameter,  with  I-beam  spokes,  channel  rims,  and  the  regular 
cast  band-wheel  flanges  keyed  on  a  43^-in.  band-wheel  shaft.  The  flanges 
of  the  channel  rim  were  turned  inward,  and  a  canvas  belt  was  fastened  to 
the  outside,  so  as  to  provide  proper  friction  against  the  sand-reel  pulley. 
The  cast  flanges  proved  too  weak  for  this  service,  and  on  subsequent 
wheels  were  replaced  with  wrought-steel  hubs  built  up  of  successive  plates. 
The  flanges  on  the  channel  rim  were  then  turned  outward,  and  filled  with 
wooden  cants  similar  to  those  first  employed  on  the  steel  bull  wheel,  which 


Fig.  50. — 10-pt.  Steel  Band  Wheel,  1911.    The  Rims  op  the  Steel  Bull  Wheels 

Abe  now  Made  in  the  same  Manner. 


gave  better  friction  against  the  iron  sand-reel  pulley.  In  both  cases  the 
tug  wheel  was  made  of  a  channel  rim,  filled  with  wooden  cants  and  con- 
nected with  the  spokes  of  the  band  wheel  by  angle  brackets.  The 
present  type  of  steel  band  wheel  was  adopted  in  1911.  The  hubs  are 
made  of  two  solid  rolled-steel  flanges,  abutting  together  at  the  center  of 
the  wheel,  with  channel  spokes  and  plate  rims,  within  which  are  secured 
the  wooden  cants.  The  tug  rim  is  made  of  grooved  cants,  faced  with  a 
plate  and  supported  on  brackets.  A  hub  of  this  character  was  first  used 
on  a  band  wheel  by  Patrick  Yorke  early  in  1911,  but  the  construction  of 
the  present  wheel  deviates  very  widely  from  that  original  form;  and  the 
manufacture  of  the  hubs  by  rolling  instead  of  casting  is  only  possible  on 
the  mill  operated  by  the  Carnegie  Steel  Co.  at  Homestead^Steel  Works  in 
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the  manufacture  of  a  very  great  variety  of  annular  sections  such  as  car 
wheelS;  crane-track  wheels,  locomotive  pistons,  etc.  The  band  wheel  was 
first  made  11  ft.  in  diameter,  but  experience  in  their  use  indicates  that  a 
10-ft.  wheel  on  a  steel  rig  is  as  effective  a  prime  mover  as  an  ll-ft.  wheel 
on  a  wooden  rig  (see  Fig.  50). 

d.  Walking  Beam. — For  some  reason  or  other,  designers  of  steel 
walking  beams  have  considered  it  their  duty  to  depart  rather  widely  from 
the  ordinary  wooden  construction  which  so  admirably  served  its  purpose 


.  Fia.  51. — Shannon  Pipe  Walking  Beam. 

all  these  years.  This  has  been  done  by  the  use  of  truss  rods  over  the  top 
of  a  light  wooden  beam,  as  was  formerly  done  in  the  construction  of  under- 
frames  for  steam-railway  freight  cars.  Such  a  reinforced  walking  beam 
appears  even  so  late  as  the  1914  edition  of  the  catalogue  of  a  large  dealer 
in- oil-well  supplies.  The  attempt  was  next  made  to  use  pipe.  Patent 
No.  914,608,  issued  to  Hezekiah  Shannon,  of  Cyclone,  Pa.,  Mar.  9,  1909, 
shows  an  all-metal  walking  beam  made  of  bent  pipe  and  steel  bars. 
The  writer  does  not  know  of  any  actual  use  of  a  beam  built  in  accordance 


Fig.  52. — ^Longtine  Structubal  Walking  Beam. 


with  this  particular  patent  but  has  seen  similar  beams  in  actual  use, 
one  in  the  McDonald  oil  field  in  the  year  1909  (see  Fig.  51). 

He  also  saw  in  February,  this  year,  at  Brea,  Cal.,  a  very  ii^enious 
affair  built  up  with  toggle  joints,  springs,  screw  adjustments,  etc.,  by  the 
Los  Angeles  factory  of  the  Oil  Well  Supply  Co.  for  one  of  their  customers. 
He  made  no  sketch  of  the  structure  at  the  time,  but  the  beam  was  similar, 
if  not  identical,  with  that  patented  by  Robert  B.  Longtine  of  Taft,  Cal., 
No.  1,009,537,  Nov.  21,  1911  (see  Fig.  52). 
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The  beams  built  by  the  writer  have  been  exact  equivalents  of  the 
standard  wooden  walking  beams.  They  are  made  in  box-girder  fashion  of 
steel  plates  and  angles,  customary  tapered  shape,  and  with  corresponding 
notches  for  temper  screws.  The  first  beams  were  made  with  wooden 
bearings  and  without  any  cable  protector  on  the  temper-screw  end.  The 
improvements  introduced  since  1908  are  chiefly  a  bent  pipe  at  the  temper- 
screw  end  for  a  cable  protector,  and  babbitted  cast  bearings  for  the  pit- 
man. The  beams  are  designed  for  support  on  a  standard  cast-iron  saddle, 
such  as  is  carried  in  stock  by  dealers  in  oil-well  supplies,  and  are  inter- 
changeable on  wooden  or  steel  rigs.  Combination  rigs  have  been 
equipped  with  the  modern  revolving  center  irons,  as  already  noted. 

A  great  number  of  steel  walking  beams  are  in  use.  There  has  been 
but  one  real  objection  to  them,  and  that  is  that  their  stiffness  made  it  more 
difficult  for  the  driller  to  determine  exactly  what  was  going  on  at  the  bot- 
tom of  the  well.  This  stiffness  is  in  part  due  to  the  fact  that  while  the 
steel  beams  are  designed  to  be  of  the  exact  theoretical  strength  of  the 
standard  wooden  beams,  for  which  they  are  substitutes  and  are  very 
much  lighter,  yet  owing  to  the  greater  homogeneity  of  steel  they  are 
really  much  stronger  than  the  wooden  beams.  Some  three  years  ago  the 
Oil  Well  Supply  Co.,  at  the  instance  of  the  South  Penn  Oil  Co.,  devised  a 
special  spring  pitman  box,  which  has  been  utilized  on  steel  beams  and  on 
wooden  beams  as  well. 

Steel  walking  beams  with  single  webs,  built  up  plate-girder  fashion 
(Inshape),  have  also  been  devised,  but  have  not  come  into  anything  more 
than  limited  use,  the  preference  of  the  driller  for  what  he  has  been  accus- 
tomed to  use  being  somewhat  greater  than  his.desire  to  save  slight  addi- 
tional expense. 

In  the  first  samson-post  design,  made  by  the  writer  as  far  back  as  1904, 
he  contemplated  the  support  of  the  steel  walking  beam  on  a  pin  driven 
through  its  center  exactly  as  is  done  in  other  operating  mechanism,  and 
this  method  of  construction  is  advocated  in  recent  publications.  It  did 
not  come  into  use,  however,  until  the  present  year,  when  it  was  employed 
on  a  heavy  California  drilling  rig  built  for  C.  W.  Washburne,  Angola, 
West  Africa. 

Conclusion 

While  it  is  not  at  all  likely  that  the  steel  drilling  rig  will  replace  the 
ordinary  wooden  structure  to  anything  more  than  a  limited  extent,  par- 
ticularly in  the  drilling  of  wells  for  oD,  a  sufficient  number  have  been 
put  into  use  to  justify  conclusions  as  to  their  advantages,  based  not  on 
theoretical  considerations  but  on  actual  .experience. 

The  steel  shop  methods  insure  that  if  the  structure  goes  together  at 
all,  it  will  go  together  with  a  precision  not  possible  in  wooden  construc- 
tion.   If  the  sills  are  level,  the  structure  will  be  plumb  and  square  without 
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any  particular  attention  on  the  part  of  the  rig  builder  to  make  it  so,  and 
simply  for  the  reason  that  it  has  been  made  so  in  the  shop.  It  is  a  ques* 
tion,  therefore,  whether  the  steel  structure  should  not  rather  be  called  a 
drilling  machine  than  a  rig,  and  indeed  that  method  of  designation  was 
used  in  the  first  pamphlets  issued  by  the  Carnegie  Steel  Co.  It  was 
withdrawn  for  the  reason  that  the  word  ''rig/'  while  designating  in  (H-di- 
nary  parlance  something  more  or  less  crude,  is  a  standard  term  without 
reproach  in  drilling  practice. 

The  necessary  consequence  of  this  precision  in  manufacture  is  seen 
in  the  smoothness  with  which  all  parts  of  the  mechanism  work.  The 
structure  is  stiff  and  rigid.  It  does  not  give  like  a  wooden  rig  and  in 
consequence  there  is  no  lost  motion  in  operation.  The  thing  which  was 
particularly  noted  by  P.  Keegan,  who  operated  a  72-ft.  drilling  rig  at 
Ladybrand,  Orange  Free  State,  South  Africa,  in  1910  on  the  propertj*^ 
of  the  South  African  Oil  Co.,  was  that  he  only  needed  to  carry  80  lb.  of 
steam  on  his  boiler.  His  experience  in  the  reduction  of  boiler  load  has 
been  amply  corroborated  by  others.  The  difference  between  the  pressure 
necessary  on  a  Woodworth  standard  drilling  rig  and  a  crude  wooden 
structure  is  due  to  the  smoothness  of  operation  resulting  from  precision  in 
manufacture  and  alignment. 

In  1892  when  the  Oil  Well  Supply  Co.  first  described  the  steel  derrick 
in  its  catalogue,  the  theoretical  statement  was  made  that  while  the  first 
cost  would  be  more  than  that  of  a  wooden  rig,  it  would  be  amply  com- 
pensated for  after  the  completion  of  the  third  well.  It  is  reported  that 
some  of  the  steel  derricks  have  been  used  20  or  more  times.  Records 
have  been  kept  of  the  use  of  particular  steel  drilling  rigs  and  they  show 
more  than  a  half  a  dozen  wells  each.  This  argimient  is,  therefore,  a  good 
one.  At  present,  a  steel  drilling  rig  in  the  Eastern  oil  and  gas  fields  will 
cost,  erected,  about  1^  times  as  much  as  a  wooden  one,  but  it  represents 
an  investment  of  indefinite  use  and  practical  indestructibility.  Assum- 
ing that  a  wooden  rig  will  drill  two  wells,  and  a  steel  rig,  say,  only  four  or 
five,  the  investment  in  the  latter,  capitalized  at  the  usual  rate  of  interest, 
will  yield  larger  returns,  by  reason  of  its  small  cost  of  maintenance.  This 
is,  of  course,  particularly  true  in  the  case  of  the  very  high  and  powerful 
structures  which  deep  well  drilling  has  recently  made  necessary. 

In  addition  to  these  considerations  may  be  mentioned  briefly  the 
fireproof  character  of  the  structure,  its  small  wind  exposure,  and  the  ease 
of  its  erection.  Not  long  since,  a  steel  rig  was  struck  by  lightning,  which 
only  destroyed  a  few  wooden  planks  at  the  top  and  some  flooring.  An- 
other rig  suffered  not  long  since  from  a  gas  explosion  which  destroyed 
the  cants  from  the  bull  wheel  and  a  portion  of  the  wooden  floor,  but  did 
absolutely  no  other  damage.  The  surface  of  the  derrick  proper  expK>8ed 
to  wind  is  not  more  than  half  as  great  as  that  of  the  wooden  structure  of 
the  same  height,  strength,  and  stiffness. 
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Means 
not    only    long 
service,  but   ability 
to  use  at  all  times  and 
in   atl     places.      Light 
weight  is  a  feature  desired 
by  every  Mining  Engineer, 
provided  it  can  be  combined 
vrith  accitracy   and  durabUily. 
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Pulverized  Fuel  Combustion 

The  apparatus  shown  in  the  illustration  is  a  complete  equipment  for 
supplying  coal  to  boiler  and  metallurgical  furnaces,  c€ment  and  lime 
kilns,  dryers,  and  to  all  furnaces  requiring  a  temperature  and  quality  of 
flame  under  prompt  and  easy  control. 

It  is  claimed  that  the  Aero  Pulverizer  makes  practicable  the  highest 
efficiency  obtainable  from  burning  coal.  It  makes  coal  burn  like  a  gas, 
with  a  flame,  the  physical  and  chemical  character  of  which  is  regulable — 
a  flame  that  may  be  elongated  or  shortened,  thus  placing  the  zone  of 
highest  temperature  where  needed — a  flame  that  may  be  made  oxidizing, 
reducing,  or  neutral,  as  occasion  may  require. 

The  coal  is  burned  as  pulverized,  and  there  is  no  storage  of  the  powder 
with  its  attendant  hazard.     Artificial  drying  before  pulverizing  is  not 


necessary  if  the  coal  supply  be  sheltered  from  rain  and  snow.  Where  the 
Aero  is  used,  it  is  wholly  a  furnace  question  whether  a  dryer  should  be 
installed ;  it  is  not  at  all  a  pulverizing  or  stor^e  question. 

Labor  is  reduced  to  a  minimum. 

Slack  coal  at  low  cost  yields  its  last  B.T.U. 

The  Aero  Pulverizer  approaches  the  subject  of  coal  burning  from  the 
theoretical  side,  and,  therefore,  pulverizes  the  -coal  to  an  impalpable 
powder,  and  surrounds  each  of  its  minute  particles  with  the  amount  of  air 
which  will  furnish  just  the  required  oxygen.  The  fineness  of  the  pul- 
verization may  be  regulated  by  attention  to  the  dampers  which  control 
the  movement  axially  of  the  air  within  the  machine.  If  that  movement  is 
slow,  the  centrifugal  force  keeps  all  coarse  particles  at  the  periphery,  but 
if  the  movement  axially  is  rapid,  it  in  part  overcomes  centrifugal  force  and 
draws  through  the  machine  a  coarser  grade  of  material.  Powdered  coal 
and  air  in  regulable  proportions  are  intimately  mixed  in  the  pulverizer, 
and  the  mixture  reaches  the  furnace  instantly  it  leaves  the  pulverizer. 
Thus,  the  Aero  system  is  emancipated  from  not  only  the  dryer,  but  the 

(  2  )  [MuUan  thli  Bcu«n«  irbM  miUnf  adTirtiMn.] 
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ADVANTAGES  TO  MEMBERS 

OF  OUR 

ADVERTISING  SECTION 

It  is  our  intention  to  make 
the  advertising  section  of  the 
Bulletin  as  comprehensive  as 
possible,  BO  that  members  can 
turn  to  it  for  complete  in- 
fonnation  as  to  where  to  buy 
the  best  mining  and  metal- 
lurgical supplies  at  the  lowest 
prices.  No  firms  or  supplies 
of  dubious  reputation  are 
advertised  in  the  BuRelin.  If 
members,  in  buying  any  ma- 
terial, will  refer  to  the  adver- 
tisement of  that  materia]  in 
the  Bulletin,  or  if  they  do  not 
find  it  advertised  in  the  Bull- 
elin,  will,  when  ordering,  ask 
the  manjufacturers  why  the 
goods  were  not  advertised  in 
the  Institute  publication,  it 
will  be  of  material  benefit  to  all 
of  us,  because  the  chief  reason 
why  advertisers  are  unable  to 
trace  direct  results  is  because 
purchasers  do  not  mention 
the  Bulletin  when  writing. 
Finally,  if  members,  when  in 
need  of  anything  whatsoever, 
will  write  to  the  Institute 
headquarters,  an  effort  will 
be  made  to  send  them  a  com- 
plete list  of  manufacturers 
able  to  supply  the  desired 
materials  of  good  quality. 
The  furnishing  of  these  hats 
will  be  a  benefit  to  our  Adver- 
tising Department,  as  well  as 
to  the  members.  We  need 
scarcely  call  attention  to  the 
advantages  obtained  by  the 
members  from  the  money 
which  advertising  brings  in, 
because  all  this  money  is  re- 
turned directly  to  the  mem- 
bers in  one  form  or  another. 


LEYNER 

DRILL 
SHARPENERS 

The  Leyner  Sharpener  is  an 
economical  necessity  in  mining 
operations.  It  sharpens  and 
makes  all  kinds  of  bits,  true  to 
gauge  and  form ;  and  does  the 
work  more  rapidly  and  cheaply 
than  can  ,be  done  by  hand. 
It  also  shanks  the  steel. 
Properly  sharpened  steel  facih- 
tates  more  rapid  drilling  and 
relieves  the  drilling  machines 
of  unnecessary  wear  and  tear. 
The  Leyner  Sharpener  has  no 
real  competition.  It  is  built 
in  two  sizes. 

Btdletiti  Ifc.  409 1 

INGERSOLL.RAND 
COMPAfNY 

NEW  YORK  LONDON 
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powdered  coal  conveyor  apparatus,  the  storage  bin,  the  mixing  chamber 
and  the  feeding  apparatus  with  the  power  units  required  for  the  several 
operations,  which  are  incident  to  all  central  station  pulverizing  systems. 
The  manufacturers  state  that  there  is  no  smoke,  no  carbon  in  the  ash,  no 
CO  in  the  flue  gases,  and  only  a  trace  of  O,  no  appreciable  excess  air  is 
admitted  to  reduce  the  temperature  of  the  products  of  combustion. 
There  is  no  opening  of  doors,  no  intermittent  firing,  no  banked  fires,  no 
delay  in  meeting  a  sudden  overload. 

The  efficiency  of  heat  from  combustion  is  directly  as  the  rapidity  of 
combustion.  The  decaying  log  is  a  form  of  combustion  so  slow  that  iu 
efficiency  is  not  noticeable.  The  greatest  rapidity  and  efl&ciency  is 
obtained  by  bringing  each  atom  of  carbon  in  contact  with  two  atoms  of 
oxygen,  and  no  more,  under  conditions  permitting  chemical  union,  and 
the  conditions  produced  by  the  Aero  measurably  approach  the  theoretical 
in  this  respect. 

The  Aero  Pulverizer  consists  of  three  interiorly  communicating  cham- 
bers (Type  ^'E"  has  four)  of  successively  increasing  diameters,  in  which 
revolve  paddles  on  arms  of  correspondingly  increasing  lengths.  The 
separate  chambers  are  in  fact  separate  pulverizers  on  a  single  shaft,  each 
succeeding  pulverizer  having  greater  speed  at  its  periphery  and  therefore 
greater  power  for  fine  grinding.  An  additional  chamber  contains  a  fan, 
the  function  of  which  is  to  draw  the  more  finely  pulverized  material  suc- 
cessively from  one  chamber  to  the  next,  and  finally,  to  deliver  it  through  a 
pipe  connection  to  the  furnace  under  the  impetus  of  a  forced  draft.  The 
separate  pulverizers  and  fan  are  inclosed  in  one  steel  cylinder.  A  regu- 
lable feed  mechanism  accurately  controls  and  varies  the  quantity  of  coal 
admitted  to  and  delivered  by  the  machine.  The  feed  mechanism  is  exact 
and  uniform  in  its  operation  and  is  easily  adjusted  to  meet  even  minute 
variations  in  the  fuel  requirement.  Two  regulable  inlets  in  the  feed 
mechanism  admit  the  air  required  for  fine  grinding.  An  auxiliary  inlet 
between  the  last  work  chamber  and  the  fan,  controlled  by  a  damper, 
admits  such  additional  air  as  is  required  for  combustion.  The  air  damp- 
ers with  the  feed  give  perfect  regulation  of  the  flame  within  a  wide  range. 

The  discharge  is  either  right  or  left  hand,  according  to  specification. 

The  Aero  Pulverizer  is  dust-proof,  is  strongly  built,  and  is  arranged  for 
easy  repair  to  the  parts  susceptible  to  wear,  the  cost  of  which  is  small. 
The  bearings  are  generous  and  self-oiling.  The  drive  may  be  by  belt  or  by 
direct  connected  motor. 

The  pulverizer  may  be  located  either  in  front  of  the  furnace  or  at  either 
side,  or  above,  or  below. 

The  connection  between  the  pulverizer  and  the  furnace  is  usually  a 
galvanized  iron  pipe  from  the  pulverizer  discharge  to  the  furnace.  No 
additional  feeding  or  mixing  apparatus  could  serve  any  useful  purpose,  for 
the  powdered  coal  and  air  are  intimately  mixed  in  the  pulverizer.  The 
furnace  end  of  the  discharge  pipe  is  made  of  such  size  and  shape  as  the 
umace  condition  requires. 
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ALBANY  GREASE 

For  the  lubrication  of  blower  fans,  engines, 
pumps,  hoists,  drills,  etc.  It  gives  the  highest 
lubricating  service  at  an  exceptionally  low  cost. 
You  can  experiment  at  our  expense.  Simply  ask 
for  a  quantity  of  Albany  Grease  and  an  Albany 
Cup.    They'll  be  sent  without  charge,    wiita  no*. 

ALBANY  LUBRICATING  CO. 
NEW    YORK 


The  Best  and  Most  Innocent  are  Often 
Wrongfully  Accused. 

Por  imltnce.  tftke  »  can  where  a  belt  wu  allowed  to  ran  alack 
anough  to  slip  caiuiag  "pulley  burn."  There  waa  no  actual 
evidence  that  thii  had  happened  after  the  one  mpon- 
fiibla  tightened  her  up — hia  boaa"  waa  a  man  who  kacw 
,  notbinaof  belt!  and  was  easily  convinced  that  the  concain 
'    who  aold  the  belting  "put  one  over." 

lelticB  i>  le»  liable  ta  pulley  bum  because  it  keeps  a 
!C  once  beinB  properly  fitted  to  the  pulleys. 
Try  a  Duibak  on  youT  CentrifuEal  Pumps.  Jaw  Crushers.  Gyratory  Breakers.  Rolls,  Chaesn 
Mills,  Conical  Mills.  Tube  Mills.  Stsuip  Mills,  Trammels,  CDncentiatins  Tables, Jigs.  Vanneis, 
Blowen,  Blowing  Engines,  Air  Compreisois.  Gas  and  Steam  Engines.  Motors,  Dynamo*  and 
you  11  appreciate  its  value  as  a  help  to  production. 

Charles  A.  Schleren  Co.,    30-38  Ferry  St.,    New  York  City 


IMPORTANT  ANNOUNCEMENT! 

A  group  of  Weston  Portable  Electrodynamonieter 
Instruments  of  Precision,  comprising: 
Modtl  370  A.  C.  ■nd  D.  C  Ammcler,  Write  for  Our  Bulletin  No.  2003 
Mod*)  329  Polyphase  Wattmeter.  Write  for  Our  Bulletin  No.  2002 
Model  341  A.  C.  and  D,  C.  Voltmctu-,  Write  for  Our  Bulletia  No.  2004 
MoihE  310  Single  Phaie  ind  Direct  Current  WaKiMttr.  Write  for  Our  BuUetin  No.  2002 
This  group  warranto  the  careful  inveatigation  of  aoy  one  interested  in  the  Art 
of  Precise  Electrical  Measurement, 

Weston  Electrical  Instrument  Co.,  3?  Weston  Ave.,  Newark,  n.j. 


/UFKiNm 


mE^fnoffffifLcQo.  ^„- 


(HasttMl  thi*  Bdubtih  whan  wiitiaa  adTtrUaei*.  | 


_    J 
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Each  Aero  Pulverizer  ia  designed  as  a  complete  powdered  fuel  unit  for 
one  furnace.  They  are  built  in  four  standard  sizes  which  thus  far  have 
met  varying  furnace  requirements.  Other  sizes  will  be  furnished,  if 
desired. 

Conditions  are  sometimes  adverse,  requiring  the  use  of  very  wet  coal, 
and  at  the  same  time  a  heavy  overload,  and  therefore  motors  of  higher 
power  than  are  needed  for  normal  conditions  are  recommended  by  the 
manufacturers,  the  Aero  Pulverizer  Co.,  63  Broadway,  New  York, 

Slide  Rule  and  Slope  Chart 

The  illustrations  show  the  Chemist's  Duplex  Slide  Rule,  designed  by 
Dr.  R.  Uarman  Ashley,  and  the  Brunton  Slope  Chart. 

The  rule  represents  the  successful  completion  of  a  long  series  of 
experiments  to  adapt  the  logarithmic  and  cologarithmic  scales  to  the  rapid 
solution  of  the  problems  encountered  by  the  chemist. 

Through  the  adaptation  of  the  K.  and  E.  Duplex  Slide  Rule  it  is 
claimed  that  the  solution  of  the  commoner  problems  has  been  greatly 
simplified,  while  the  scope  of  the  rule  has  been  increased  by  the  inclusion 
of  a  large  number  of  chemical  symbols.  The  symbols  on  the  rule,  being 
arranged  in  the  order  of  the  molecular  weight  of  the  elements,  are  easily 
found,  while  the  application  of  a  very  simple  rule  enables  the  chemist  to 
locate  other  symbols  of  less  frequent  occurrence.  Aside  from  the  solu- 
tion of  the  chemical  problems  above  referred  to,  any  arithmetical  prob- 
lems solvable  by  logarithms  are  readily  and  accurately  done  with  a 
minimum  number  of  settings. 


The  rule  carries  138  chemical  symbols,  which  include  the  common 
acids,  bases,  salts,  oxides,  and  elements  employed  by  the  average  chemist. 
As  each  symbol  has  its  individual  position  corresponding  to  the  logarithm 
of  the  molecular  weight,  the  number  of  permutatioos  and  combinations 
possible  covers  the  requirements  of  almost  any  problem. 

By  using  the  logarithmic  and  cologarithmic  scales  in  conjunction  with 
the  chemical  gauge  points,  problems  in  stoichiometry,  such  as  gravimetric 
analysis,  volumetric  analysis,  equivalents,  percentage  composition,  con- 
version factors,  volume  of  gas  from  a  given  weight  of  substance  at  differ- 
ent temperatures  and  pressures,  and  many  other  analogous  problems  are 
readily  solved. 

The  Chemist's  Duplex  Slide  Rule  is  accompanied  by  a  manual  giving 
the  theory  of  its  use  together  with  numerous  examples  of  both  arith- 
metical and  chemical  nature.  The  rule  is  designed  to  work  as  simply  as 
possible  and  is  easily  mastered.  It  is  engine  divided,  and  may  be  relied 
upon  to  an  extent  equal  to  the  operations  of  ordinary  analysis.    For  this 
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BEER,  SONDHEIMER  CBk  CO. 

I ncoro orated 

NEW   YORK        -       -       -       -       6i    BROADWAT 

One  Ores,  Carbonktea,  Sulphtdei  uid  Uind  Orei,  Copper  Orei, 
Copper  Uatte,  Copper  BulUon,  Le&d  Bullion,  Lekd  Oret,  Anti- 
mony Ore*,  Iran  and  UangancM  Om,  Copper,  Spdter,  Antimony, 
Anti]iioni«l  Lcftd,  Sulphate  of  Copper,  Anenic,  Zinc  DuiL 

Own  Smelting  and  Refining  Wfak» 


CYANIDATION  CONCENTRATION  FLOTATION 

r\  A  n  n  CLASSIFIERS 
1 1 1 1  K  K  THICKENERS 

l/U  l\  IXagitators 

In  U3e  by  Institute  Memb»s  all  over  the  World 
The  Dorr  Cyanide  Machinery  Co. 

NEW  YORK  DENVER,  COLORADO  LONDON 


Cordeau- 


Bickford 


Shot 


Instantaneous  Detonat- 
ing Safety  Fuse 

FOR 

SAFETY  and 
EFFICIENCY 


THE  ENSIGN  BICKFORD  CO.,  Slmsbury,  Conn. 

Original  Manufacturers  of  Safety  Fuse  EsKbiimhed  isss 
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reaaon  it  may  be  employed  in  calculating  results  or  in  checking  calcular 
tions  made  by  other  methods. 

The  Bnmton  Slope  Chart  is  for  the  determination  of  the  apparent 
angle  of  aections  when  cut  at  planes  of  varying  degrees  of  divergence  from 
the  dip. 


The  Chart  enables  the  user  instantly  to  obtain  the  apparent  dip  from 
the  true  dip,  or  vice  versa;  mechanically  solving  the  equation: 

Tan  C  =  Cos  A°  Tan  B", 
in  which  C  is  the  apparent  dip;  A,  the  angle  of  divergence;  and  B  the 
true  dip. 

In  addition  to  its  use  in  the  preparation  of  maps  and  geological  sec- 
tions, the  chart  is  also  extremely  useful  for  giving  the  valley  angles  in 
hoppers,  ore  bins,  etc. 

Additional  information  may  be  obtained  from  the  manufacturers,  the 
Keuffel  &  Esser  Co.,  Hoboken,  N.  J. 

Vertical  Centrifugal  Pump 

In  the  June,  1915,  Bulletin  (No.  154)  of  the  A.  S.  Cameron  Steam 
Pump  Works,  New  York,  is  given  a  description  of  their  double  suction 
vertical  centrifugal  pump,  herewith  illustrated. 

The  vertical  arrangement  of  this  pump,  with  the  actual  pump  below 
the  water  level,  is  recommended  where  automatic  operation  is  demanded, 
as  the  pump  is  always  primed  and  ready  for  instant  service. 

From  the  Bulletin  we  learn  that  the  pump  casing  is  volute  in  form, 
divided  vertically,  with  suction  and  discharge  nozzles  cast  integral  with 
the  back  half.  The  front  half  may  be  quickly  removed  without  disturb- 
ing the  bearings  or  pipe  connections.  Both  halves  of  the  casing  are  pro- 
vided with  heavy  flanges  carefully  faced  and  drilled,  bolted  and  dowded 
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Barsteel  Wins 


RepUcing  a  1>nk«  shoe  on  a.  Barsteel  Locomotive 

"We  want  your  Barsteel  Locomotive 

because  it  has  the  open  frame  so  that  we  can  replace  your 
M.  C.  B.  brake  shoe  in  half  an  hour  or  less.  We  can't 
afford  to  take  any  chance  of  being  held  up  any  longer  than 
that  when  the  coal  is  coming.  We  like  the  way  every- 
thing about  your  locomotive  is  made  accessible."  This 
statement  was  made  to  us  by  a  West  Virginia  coal  opera- 
tor when  he  duplicated  an  order  for  several  15-ton  Bar- 
steel Locomotives. 

Barsteel  locomotives  make  friends  everywhere,  they 
stand  up  to  the  work  for  a  long  time  and  when  a  repair 
does  become  necessary  it  is  easy  to  make  it. 

For  information  on  Barsteel  Locomotives  write  either 
Company: 

The  Baldwin  Locomotive  Works 

Philadelphia,  Pa. 

Westlnghouse  Electric  &  Mfg.  Co. 

East  Pittsburgh,  Pa. 

Barsteel — The  Frame  Thai  Makes  Inspection  Easy. 
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together.    All  passages  through  the  pump  are  designed  to  give  the  highest 
possible  efficiency. 

The  impeller  is  of  the  double  suction  inclosed  type,  specially  designed 
for  the  conditions  of  service.  It  is  cast  in  one  piece,  accurately  machined 
and  polished  all  over  to  insure  perfect  rotative  balance,  and  the  water 
parages  are  carefully  smoothed  to  reduce  friction.  It  is  secured  on  Uie 
shaft  by  a  feather  key  and  firmly  held  in  place  by  bronze  nuts  formed  oa 
the  shaft  protecting  sleeves. 


The  shaft  is  made  of  hammered  open-hearth  steel  of  ample  ai6  to 
easily  transmit  the  maximum  power  required.  It  is  accurately  machined 
and  ground,  and  provided  with  removable  bronze  sleeves  where  it  passes 
through  the  stuffing  boxes.  These  bronze  sleeves  are  screwed  on  the  shaft 
against  the  impeller. 

The  stuffing  box  is  of  ample  depth  and  provided  with  water  seal,  con- 
sisting of  a  lantern  gland  connected  to  the  water  from  the  discharge  side  of 
the  pump. 

The  stuffing  box  gland  is  fitted  with  swing  bolts  to  give  quick  and  ea^y 
access  to  the  stuffing  box. 

The  pump  is  fitted  with  two  bearings,  one  on  each  side  of  the  casing- 
The  bearing  bodies  are  equipped  with  removable  caps,  and  the  upper 
bushing  is  split  and  lined  with  high-grade  bearing  metal.  The  lower 
bearing  will  contain  a  heavy  lignum  vitfe  sleeve.  The  bearings  will  be  of 
ample  proportions  to  prevent  heating. 

The  bearings  are  separate  from  the  casing,  and  located  sufficiently 
distant  from  the  stuffing  boxes  to  permit  of  easy  adjustment  of  the 
glands. 

A  copy  of  Bulletin  No.  154,  giving  additional  information,  may  be 
obtained  by  addressing  the  A.  S.  Cameron  Steam  Pump  Works,  11 
Broadway,  New  York. 

(  10  )  lUMtloii  thla  BvLLBTiM  wIhb  wtithit  •dTtrUm.) 
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T 


RAYLOR 

UBE  MILLS 


GRIINDS 
WITHOUT 
SLIM  ESI 

100%  Crushing  Efficiency 
Throughout  the  Entire 
Length  of  the  Mill. 

No  Drag  on  the  Liners. 

No  Waste  of  Power, 

No  Slime  Production. 

T  faet  X  6  fast  Tnrlor  Short  Tna  HUL 

Tube  Mills  have  been  proven  by  actual  practise  t( 

fine  grindlDg,  with  large  capacity  and  small  consumption  of  pebbles. 

Traylor  Short  Tube  Mills  embody  many  important  features  and  are  built  in  sizes 
rangioE  from  4  feet  to  7  feet  in  diameter  and  6  feet  long. 

Send  us  your  requirements  and  let  us  do  the  rest. 

TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

MAIN  OFFICE  &  WORKS— ALLEOTOWM,  PA. 

N.  y   Offlc*;  18  Chueh  Stitel  Waitmi  OOce:  Salt  Uks  Cilr 


Sullivan  Underground  Compressors 
and  Sullivan  Hammer  Drills 

form  a  wonderfully  efficient  combina- 
tion for  light  development  work  in 
the  electrically -equipped  mine. 
If  you  have  a  winze  to  sink 
or  a  raise  to  drive,  or  any 
other  light  rock  drilling  to 
do  far  from  your  main  air 
line,     just     hook     your 

SuuTvMi  PoiUbl.  ElKtric-Driven  Com-       "WK-s"    ComprCSSOr     tO 

preuor  •'WK-a"  [lie  fggd  ^Jre^  couple  your 

hose  to  a  Sullivan  "ROTATOR,"  or  a  Sullivan  stoper, 
start  your  motor,  and  you'll  be  ready  to  shoot  in  no  time. 

Details  in  BvUelin  6$^^ 

SULLIVAN  MACHINERY  CO. 

122  so.  MICHIGAN  AVE.  CHICAGO 

lUatUo  thU  BmiMBM  wfaM  writiof  wlrHtiMt«.|  (  11  ) 
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A  Goodrich  Belt  Record 

The  problem  of  catching  and  carrying  units  weighing  125  lb.  dropping 
from  a  height  of  4  ft.  at  the  rate  of  3,200  a  day  faced  the  CaUromia 
Hawaiian  Sugar  Refining  Co.',  nearly  ten.  years  ago. 

On  "Feb.  15,  1906,  this  company  installed  a  36-in.  7-ply  Goodrich 
Conveyor  Belt  and  since  that  time  it  has  caught  and  carried  2,000,000,000 
lb.  of  sugar  (every  bit  of  it  having  fallen  tbitt^  ft.)  before  there  were  any 
radical  signs  of  wear.  It  was  a  big  belt  and  w^  quite  an  investment,  but 
the  service  it  gave  exceeded  expectations. 

About  one  month  ago  this  same  concern  entered  an  order  with  The 
B.  F.  Goodrich  Co.  for  another  long4ived  belt.  The  man  in  the  accom- 
panying picture  is  5  ft.  11^  in.  tall,  which  gives  one  an  idea  of  the  site  of 
the  roll.  A  belt  1,443  ft.  long,  36  in.  wide  and  weighing  11,983  lb.  net 
is  a  huge  proposition. 

'Figuring  S  hr.  run  without  any  delays,  a  bag  of  sugar  would  drop  on  to 
the  belt  every  9  sec,  and  if  the  speed  of  the  belt  were  such  that  it  couM 


make  26  or  27  revolutions  every  8  hr.,  the  bags  would  rest  at  intervals  of 
12  ft.  apart. 

At  the  given  speed,  therefore,  the  belt  will  carry  a  continuous  load  of 
60  bags  or  7,500  lb.,  and  every  9  sec.  its  heavily  burdened  surface'wiU 
receive  the  sudden  jolt  and  strain  caused  by  125  lb.  dropping  4  ft.  Such 
service  is  unusual  in  its  severity  and  is  evidence  of  the  strength  the  B.  F. 
Goodrich  Co.  have  succeeded  in  building  into  their  conveyor  belting. 

(13)  (UntiaBthtaBnLMni  whn  wi 
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JEFFREY 
Stepped 
MuKi-Bladed 
Mine  Fans 

Save  10%  to  30% 
in  Power  Bills. 

With  their  stepped  series  of  blades,  they  receive  and  accelerate  the  air 
without  shock  and  discharge  it  at  low  velocity,  which  means  maximum 
economy  of  operation. 

Figuring  the  cost  of  operating  a  lOO  HJ>.  Fan  at  S5000.00  yearly,  a 
saving  of  30%  in  power  means  a  saving  of  S1000.00  at  the  end  of 
the  year. 

Send  for  Bulletin  No,  110-3,  giving  full  particulais. 

JEFFREY  MFG.  CO.,  902  N.  Fourth  St,  Columbus,  O. 

New  York     BoMoa     PhiliddpluB     Pituburgb     Cbicsao     Birminilum     Deovsr     Montnsl 


IN  REGARD  TO 

WIRE  ROPE 

Most  engineers  are  aware  that 
service  clearly  reveals  the  qual- 
ity of  material  and  precision  with 
which  such  rope  is  laid  up. 

ROEBLING 


Roebling  Rope  Gives  Highest  Service. 
WRITE  FOR  PRICES 

JOHN  A.  ROEBLING'S  SONS  CO. 

TRENTON,  N.  J. 
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,  A.  New  Catalogue 

Ordinarily,  the  issue  of  a  new  catalogue  in  the  engineering  field  causes 
only  a  ripple  of  interest  on  the  part  of  those  whose  every  day  work  brings 
them  in  contact  with  the  product  of  the  manufacturers.  Yet  the  issu- 
ance of  a  new  and  up-to-the-minute  catalogue  of  engineering  instruments 
is  surely  a  visible  sign  of  progressiveness,  not  only  in  maintaining  the  high 
standard  of  the  appliances,  but  in  giving  the  engineering  profession  the 
means  of  making  an  intelligent  comparison  when  purchasing  surveying 
instruments. 

The  new  catalogue  just  published  by  Heller  A  Brightly,  Philadelphia, 
Pa.,  contains  125  pages  of  well  illustrated  description  of  H.  &  B.  instru- 
ments, together  with  information  of  value  to  the  experienced  engineer  as 
well  as  the  beginner. 

A  copy  of  the  catalogue  will  be  forwarded  on  request. 


Trade  Catalogues 

Rock  Drills  and  Accessories. — Denver  Rock  Drill  Mfg.  Co.,  Denver, 
Colo.  Several  well-written  and  illustrated  bulletins  on  their  products, 
including  "Clipper"  drills,  Clark  Air  Meters,  Waugh  Valveless  Stopers. 
Pluggers,  and  Drifters.  Valuable  data  of  interest  to  the  mine  operator 
are  contained  in  these  bulletins. 

'* Continuous  Counter-Current  Decantation''  is  the  title  of  a  38-p. 
catalogue  pubUshed  by  the  Dorr  Cyanide  Machinery  Co.  of  Denver,  Colo. 
Data  of  interest  to  the  mining  man  on  the  Dorr  Classifier,  Thickener,  and 
Agitator,  are  included.     Illustrated. 

Electric  Mining  Machinery, — The  Goodman  Mfg.  Company,  Chicago, 
111.  Six  bulletins,  which  in  reality  are  catalogues,  well  written  and  pro- 
fusely illustrated,  descriptive  of  Single-Motor  Locomotives,  32  pp.;  Two- 
Motor  Locomotives,  48  pp.;  Gathering  Locomotives,  52  pp.;  Rack 
Rail  Haulage,  52  pp.;  Straight-face  Machine,  26  pp.;  Shortwall  Ma- 
chines, 32  pp.;  and  Chain  Breast  Machines.  A  complete  set  will  be  sent 
to  all  mining  men  addressing  the  company. 

The  Jeffrey  Manufacturing  Co.,  Columbus,  Ohio,  manufacturers  of 
tipple  and  coal-mine  machinery,  have  issued  Bulletin  No.  110  on  the  sub- 
ject of  Mine  Ventilation,  calling  particular  attention  to  their  new  Stepped 
Multi-Bladed  Wheel  Type  Fan,  which,  by  means  of  its  stepped  series  of 
blades,  receives  and  accelerates  the  air  without  shock  and  discharges  it  at 
low  velocity,  insuring  maximum  economy  of  operation.  This  bulletin 
also  illustrates  and  describes  their  Une  of  Centrifugal  Booster  Fans,  and 
contains  valuable  data  compiled  to  give  the  mine  superintendent,  man- 
ager, or  those  interested  in  this  line  of  work  a  comprehensive  idea  of  the 
results  obtained  from  various  sizes  of  Jeffrey  Mine  Fans.  A  free  copy  of 
this  bulletin  may  be  obtained  by  addressing  the  home  office  of  the  com- 
pany at  902  N.  Fourth  St.,  Columbus,  Ohio,  or  any  of  their  branch 
offices. 

f  14  )  [Mention  thk  Bullbtin  when  writinc  adrertiMrt. 
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Th«  Slogan  of  Ou  Cam«ron—"Characl«r:   The  Orandft  Thinf^' 

ECONOMICAL  AND  DEPENDABLE  PUMPS 

Down  in  the  mine 
where  the  service 
is  continuous  and 
exacting,  you 
need  pumps  that 
are  not  only  eco- 
nomical, but  ab- 
solutely depend- 
able. 

Cameron  Centrifugals 

hftve  just  those  features  of  desigo  and  construction  which  make  them  auperior  for 
this  class  of  work. 

Note  the  simplicity  of  the  Multi-Stage  Turbine  type,  illustrated.     The  hori- 
zontally split  casing  allows  quick,  easy  access  to  all  working  parts.     Uousual  care 
in  choosing  material  and  thoroughness  of  manufacture  insure  low  upkeep  costs. 
Get  your  pumping  done  at  the  least  expense— install  the  Cameron. 

Aikfor/uU  particuiars  and  Buitttin  No.  151. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  BROADWAY,  NEW  YORK  10  Offlcu  Hw  WorM  Over 


Maintenance 

1  It  can  be  made  almost  negligible. 

1[  Or  it  can  be  made  excessive. 

K  Sometimes  it's  the  fault  of  the  hoist. 

1[  But  isn't  it  often  the  fault  of  amiriinding  conditions,   or  the 

operator. 

^  Take  VULCAN  hoists,  for  instance.     We  take  the.utmost  pains  in 

the  making.    We  test  and  analyse  every  casting,  every  forging;  our 

own  specifications  are  more  rigid  than  yours.    There's  not  a  thing  left 

undone  to  make  maintenance  low. 

^  And  if  it  is  not  low,  it's  generally  traceable  to  outside  conditions 

that  can  be  remedied  easily. 

K  Keep  your  hoist  clean,  well-oiled  and  greased,  and  test  all  the  nuts 

and  bolts  now  and  then,  and  give  the  bearing  wedges  a  look. 

IfThea  you'll  see  maintenance  worries  disappear. 


VULCAN 


IRON  WORKS 

1744  Main  Street 
Wilkes-Barre.  Pa 


[MiotidO  Iblt  BpMiBnN  wlwD  wiitiDf  tdTartiptn.! 
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ALBANY 
GREASE 


ALBANY  LUBRICATING  CO. 

Adam  Cook's  Sons,  Proprietors 

708-10  WAsUiictoii  Stroot  How  Todc  Ci^ 

Msnofactttrers  of  Albany  Grease,  Cook's  Lubricant  and 
Albany  Aotomobile  and  Ifachinery  Oils.  Manof actnrers 
and  refiners  of  lubricants  for  every  condition  and 
ice.    Write  for  descriptive  matter. 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS  MANUFACTURING  Ca 

Milwaukee,  Wisconsin. 

MINING  MACHINERY  of  Every  Type.  Comi^ete 
Power  and  Electrical  I^uipments.  For  all  Canadian 
business  refer  to  Canadian  AlUs-Chalmers,  Limited, 
Toronto,  Ont 


PUMPS 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON     VERTICAL    PLUNGER     SINKING 
PUMPS,  for  shaft  sinkinsr.    CAMERON  HORIZON- 
TAL  PLUNGER   STATION  PUMPS,  for  handliii|r 

gritty  water. 

MOTORS 

CROCKER-WHEELER  CO. 

FOR 

Ampere,  N,  J. 

EVERY 

Manufacturers   of   Electric    Motors,   Generators    and 

PURPOSE 

Transformers.    Alternating  and  Direct  Current 

ASSAY ERS 

AND 

CHEMISTS 

SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Celo.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIPIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


DENVER  ROCK  DRILL  MANUFACTURING  Ca 

Denver,  Colo.        El  Paao,  Tex.        New  York  City. 
Salt  Lake  City,  Utah.  San  Franelseo,  Cat. 

MANUFACTURERS  OF  WAUGH  DRILLS. 
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(Mention  this  Bullstik  when  writing  adviartiten.! 


METALLURGICAL  EQUIPMENT 


THE  DORR  CYANIDE  MACHINERY  CO. 

New  York  DBNVBR,  COLO.  London 

Machinery  in  use  for  Cyaniding.  Wet  srtYity  Concen- 
tration, Flotation,  Leaching  Copper  orea  and  many 
non-metallnrgical  industrial  processes. 


CLASSIFIERS 

THICKENERS 

AGITATORS 


EDISON  STORAGE  BAHERY  CO. 

Orange,  N.  J. 

Iftanufticturers  of  the  EDISON  STORAGE  BATTERY 
for  Mine  Haulage.    Write  for  descriptive  bulletin. 

EDISON 
STORAGE 
BATTERY 

THE  ENSIGN  BICKFORD  CO. 

SImsbury,  Conn. 
Manufacturers  of 

SAFETY  FUSE  CORDEAU-BICKFORD 

For  all  Blasting  Operations 

Fuse  for  special  requirements 


CORDEAU- 
BICKFORD 


SAFETY  FUSE 

FOR 
ALL  BLASTING 


BLASTING 

SUPPLIES 


GENERAL  ELECTRIC  CO. 

Seheneetady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.    BLBCTRIC 
MOTORS  for  Operating  Mining  Machinery. 

ELECTRIC 

MINE 

LOCOMOTIVES 

GOODMAN  MANUFACTURING  CO. 

Chleago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Qhle. 

Goodrich  "Longlife"  «  Masecon"  ft  "Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 

CONVEYOR 
BELTS 

[Mention  this  BuLLvnit  when  writing  advertieen.1 
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SURVEYING 

INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


W.  ft  L  L  GURLEY 

Troy,  H.  T. 
Brancb,  SMttle*  Wash. 

Maniifactiirers  of  ''Ourley  Quality"  transits  and  leTols. 
Compete  catalogao  coToring  mining  instruments  sent 
upon  request    Have  one  on  file. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


HARBISON-WALKER  REFRACTORIES  Ca 

Pittsburg^,  Penna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  the 
Open  Hearth,  Electrical  Furnaces,  Copper  Smelting 
plants,  Lead  Refineries.  Nickel  Smelters,  SilYer  Slimes 
and  Dross  Furnaces,  Moy  Furnaces,  as  well  as  all 
other  types  in  use  in  the  various  metallurgical  processes. 


INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


HELLER  ft  BRKIHTLY 

Philadelphia,  Pa. 

INSTRUMENT  MAKERS 

Mathematical,  Optical,  Engineering,  Surveying  and 
Astronomical  Instruments. 


SPELTER 

ILLINOIS  ZINC  eO. 

SHEET  ZINC 

Peru,  III. 

SULPHURIC 

Manufiicturers  of   SPELTER,    SHEET    ZINC    and 

ACID 

SULPHURIC  ACID. 

COAL 

MINING 

MACHINERY 


INGER80LL-RAND  CO. 

11  Broadway,  New  York* 

•^Return- Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
'*Electric-Air**  Drills,  Coal  Punchers,  Pneumatic  Tools, 
•*Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

MINING 

MACHINERY 


THE  JEFFREY  MFG.  CO. 

Coiumbua,  Ohio* 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Pans,  Hoists, 
Pumps,  etc. 
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LEAD  LINED  IRON  PIPE  CO. 

W«k«fl«ltf,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — ^for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


A.  LESCHEN  ft  SONS  ROPE  COMPANY 

St  Louis,  U.  S.  A. 
N«w  York        Chlesfo        Salt  Lska        Danver        San  Fnindtco 

Msttiilkctiirers  of  high  grade  Wire  Rope  for  all  irar- 
potes,  indoding  the  celebrated  HERCULES  SLed  Strand 
Wire  RopOt  and  Wire  Ropes  of  Patent  Flattened  Strand 
and  Locked  Coil  constructions.  Aerial  Wire  Rope  Tram- 
ways for  economical  transportation  of  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


THE  LUFKIN  RULE  CO. 

Saginaw,  Mich. 

MEASURING 

Tapes  for  absolute  accuracy  in  measurements.    Send 

TAPES 

for  descriptive  catalogue. 

MASHEK  ENGINEERING  CO. 

00  Woat  St.,  New  York. 

Complete  plant  equipments  4,  8,  z6  and  35  tons  of  s  to 
9  OS.  smokoIesB  and  odorless  briquettes  per  hour.  Com* 
plete  plants  designed  and  erected. 


BRIQUETTING 


MACHINERY 


ROBINS  CONVEYING  BELT  COMPANY 


New  York 

ChicAfo  Oflc« 


z3-ai  Park  Row 

Old  Colony  B'ld'f . 

Manufacturers  of 
Belt  Comreyors— Bucket  BloTators-^re  Bedding  Sys- 
tems— ^Unloading,  Stocking  and  Reclaiming  Towers  and 
Bridges — Conveyor  Auxiliaries. 

Write  for  Bulletins 


ROBINS 
CONVEYING 
MACHINERY 


JOHN  A.  ROEBUNG'S  SONS  CO. 

Trenton,  N.  J. 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 

agencies  and  branches  throughout  the  country. 

WIRE 
ROPE 

(Mention  thii  Bullbtui  when  writing  advertiaenk] 
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POSITIVE 

PRK88URK 

BLOWKR8 

VACUUM  AND 
ROTARY  PU MPS 

QA8 
eXHAUSTCRS 


P.  H.  &  F.  M.  ROOTS  CO. 

Conn«rsvill«,  Ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Blo^ 
for  Smelting,   Foundry  and   Filtration  Work.     V^rite 
for  Catalogue. 


DRAFTING 

L  GL  RUEHLE  ft  CO. 

SUPPLIES 

119  Fulton  St.,  New  York 

SURVEYING 

Branch,  Kawukt  H.  J. 

INSTRUMENTS 

Drafting  Room  and  Field  Supplies.    Tracings  and  Blue 

TRACINGS 

Prints  Prepared. 

WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

89  Ferry  Street,  New  York 

Manufacturers  of  SCHIERBN'S  DUXBAK  WATER- 
PROOF LEATHER  BELTING.  The  belting  U  wat«r- 
proof  and  chemical  proof,  perfect  in  material  and 
workmanship. 


ROCK  DRILLS 

SULLIVAN  MACHINERY  CO. 

AIR 

122  South  Michigan  Ave.,  Chicago,  BL 

COMPRESSORS 

Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 

HOISTS 

Drills,  Rock  DriUs,  Hammer  Drills,  Mme  Hoists,  Chain 

PUMPS 

Cutter,  Bar  Machines,  Fans. 

BRIDGES 

AND 
DERRICKS 

THE  TERRY  ft  TENCH  CO.  Inc. 

Grand  Central  TerminaL 
NEW  YORK  CITY. 

Bridge  Builders,  Contractors  and  Derrick  Builders. 

MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  ft  MANUFACTURING  Ca 

Main  Offlee  and  Works— AUentown,  Pa. 

ir«w  York  Offlee,  Western  Ofllee. 

SO  Chureh  Street  Salt  Lake  City 

Manufacturers  of  MINING,  MILLING,  SMELTING 
and  CRUSHING  Machinery.  TRAYLOR  Products  pos- 
sess Quality.    Our  Expert  Engineers  are  at  your  serrice. 
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UNION  IRON  WORKS 

Newark  Street,  Hoboken,  N.  J. 

Derrick  attacliment  for  excavating.  Does  same  work  aa 
ateam  shovel  or  dipper  dredge  at  fraction  of  the  cost. 
Ask  us  about  it. 


DERRICK 
EXCAVATORS 


L  VOGELSTEIN  &  CO. 

42  Broadway  New  York 

Bttyers,  smelters  and  refiners  of  ores  and  metals  of  all 
classes. 


VULCAN  IRON  WORKS 

Wllkee-Barre.  Pa. 

Vulcan  Electric  Mine  Hoists,  Stesm  Hoists,  Hofst- 
ing  and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


AIRLQCMNniES 
NEMO  SIOHNBnr 
CMl-ffASIIW  PIMIS 


CIUSIIM  BACIINERf 
lASOUlf  UCMMTIVB 
MSmii  AM  IMiMi  B4- 

CIINBY 
SIBBUMOBOmD 

vBrnuTHnnuis 


WESTINGHOUSE  ELECTRIC  &  MFa  CO. 

Bast  Pittsburgh,  Pa* 

THB  BALDWm-WESTINGHOnSE  ELECTRIC  MINE 
LOCOMOTIVES.  For  foil  information  write  either  to 
above  address  or  THE  BALDWIN  LOCOMOTIVE 
WORKS,  PhiUdelphiA,  Pa. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park.  Newark,  N.J. 

Weston  EcUpse  AMMETERS,  MILLIAMMBTBRS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


IT  PAYS  TO  ADVERTISr 

YOUR  PRODUCT  IN  A  MEDIUM  WHOS&  READERS 

REPRESENT  THE  LARGEST  BUYING  UNITS  IN  THE 

MINING  FIELD.    YOUR  ADVERTISEMENT 

IN  THE  A.  I.  M.  L  BULLETIN 

WILL  PROVE  A  PAYING  INVESTMENT.    WRITE  US  FOR  RATES. 
AMERICAN  INSTITUTE  OF  MINING  ENGINEERS  29  WEST  39TN  STREET,  NEW  YORK 


I  Mention  tUa  Bullstin  wb«n  writing  ftdvertiaera.] 
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PROFESSIONAL  CARDS 


ALOMNE,  WALTER  N. 

Conmlflm  llialiicand 
MeltUarginl  BttfliiMir 

U  WaU  ItTMt  nW  TOES 


BEATTYt  A.  CHESTER 

Ctwlting  Mining  EnglnMr, 
71  Broadway, 

NEW  YORK,  N.  Y. 

Cable  Addmi: 

CHranMe. 


BURCH,  H.  KENYON 

MccbMlcal  ui  Mctaltorilcal  Eiflhwer 

Care  Xnapiratioii  Coarilldatad  Coiiper  Co. 

MIA.JI»  (ilU  COUim,  AldZOfU 

Deiigner  and  BnUder  of 
Power,  HolttiiiK.  Pttm^ic» 
CnMhinc  and  MiUinc  Kanta. 

Qpedalties  Coaoentratbn  of  Orea. 

Eoonomie  Handlinc  of  Matariala. 


CHANNIN6,  J.  PARKE 


Contnltino  EnglBMr, 


6Z  BftOADWAT, 


NEW  YORK. 


COULDREY,  PAUL  S. 

Mining  En^eer 

General  Mining  Superintendent 
CaxBO  nn  Paboo  Mining  Co. 

CERRO  de  PASCO, 

SOUTH  AMERRA 


HAMMOND,  JOHN  HAYS, 

Coosnltlng  Eftghiear, 


71  Broadway, 
Code:  Bedford-MeNeiU. 


NEW  YORK. 


HANKS*  ABBOT  A. 

Cbnaltt  and  Aaaayer 

EeUbUshed  x866 

Control  and  Umpire  Assay*,  Saperrl- 
sion  of  Sampling  at  Smelters^  Chonlcal 
A.nalyses  of  Ores,  liinerals.  Mineral 
Watersretc. 

m  BMnaeito  8t    San  Fraicisoo,  Cal. 


HOYLE,  CHARLES 

Mining  Engina6r» 

Apartado  8,  £1  Oro, 

E8TAD0  DE  MEXICO,  MEXICO. 


LEDOUX  &  COMPANY 

Aaaay«ra  and  SampUrs 
99  John  Straat  NEW  YORK 

Independent  Ore  and  Metal  Samplers. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 


MYERS,  DESADC  B. 

Mining  2^n|^etf 

321  Stoiy  Building         LOS  AN OKLBS 


RATES 


FOR  PROFESSIONAL   CARDS 
QUOTED    ON    APPLICATION. 


MAKE  ARRANGEMENTS 
NOW  FOR  TOUR  CARD. 
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PROFESSIONAL  CARDS 


RAYMOND,  ROSSITER  W. 

MlBiig  Engineer  and  Metallurgltt 

29  West  Thirty-Ninth  Street 

NEW  YORK 


MCNARDS,  nSERT  N. 

.Of  Drmakt$ 

BOSTON.  MASS. 

^ 


MORDAII,  H.  M. 

ContuUinff  SnginMr 

Biiinliig  IxKTMtications  a^eoUlly  earefttUy 
made  for  naponaibU  intending  inyeston. 

aty  Imstuif  BM|^  165  Brtaiwiy,  New  Ytrt 


•«IT  WILL  PAY  YOU  TO 
HAVBYOURNAMELISTBD 
AMONG  PROFESSIONAL 
MEN    OF  STANDING*' 


REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRIDGE,  COLORADO 
GiUi:  « Dredger" 
M:  Bedford-MoNell 


SPIL8BURY,  E.  6YBB0N, 

Oonraltliig.  OiTlL  Xtnlnc 
ftnd  KetaUiinieal  Zngliieer. 


45  BrosdwAj, 


NEW  YORK. 


Gftbto  AddraM:  ^^SpOr—^Mew  TerJk. 


YOUD,  HERBERT 


MMiiK  EngliMar 


Guard.,  Portugal 


Code:  Bedford-McNeiU 


L.  VOGELSTEIN  CBi  CO. 


42  Broadway 


BUTERSy  SMELTERS 
Ain>   REFINERS   OF 


NEW  YORK 


Ores  and   Metals  of  All  Classes 

Agents  for: 

Aron  Hlneh  h  Soha*  Hmlbentadt,  Otmaiij. 

United  StatM  Matali  Rtflniac  Co.,  Chrome,  N.  J.  and  Oroai^li,  Ind. 

Amt**CTH  Zinc,  Load  U  SmoUinf  Co.,  Coaoy  nnd  DMrlni*  Konwii, 

Knnflui  Zinc  Co.,  La  Harpo,  Kanaas. 

TlioBlactrolytioRoanittf  *SmoltlncCo.of  An8tralla,Ltd.,  PortKoabIa,  N.&W. 


(Mantioa  thto  Bullbtin  when  writing  advertiMra.) 
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Albany  Lubricating  Co 5 

AlUs-Chalmers  Manufacturing  Co 16 

Beer,  Sondhdmer  &  Co 7 

A.  S.  Cameron  Steam  Pump  Works 15 

Crocker- Wheeler  Co 16 

Denver  Fire  Clay  Co 16 

Denver  Rock  Drill  Co 16 

Dorr  Cyanide  Machinery  Co 7 

Du  Pont  Powder  Co 3 

Edison  Storage  Battery  Co Inside  Back  Cover 

Ensign  Bickford  Co 7 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co .  ^ 17 

B.  F.  Goodrich  Co Inside  Front  Cover 

W.  &  L.  E.  Gurley 1 

Harbison- Walker  Refractories  Co 18 

Heller  &  Brightly 1 

Illinois  Zinc  Co 18 

IngersoU-Rand  Co 3 

Jeffrey  Manufacturing  Co 13 

Lead  Lined  Iron  Pipe  Co 19 

A.  Leschen  &  Sons  Rope  Co 19 

Lufkin  Rule  Co. 5 

Mashek  Engineering  Co 19 

Robins  Conveying  Belt  Co 19 

John  A.  Roebling's  Sons  Co 13 

P.  H.  &F.  M.  RootsCo.. 20 

E.  G.  Ruehle  &  Co.    . 7 

Chas.  A.  Schieren 5 

Sullivan  Machinery  Co 11 

Terry  &  Tench  Co 20 

Traylor  Engineering  &  Manufacturing  Co 11 

Union  Iron  Works 1 

L.  Vogelstein  &  Co 23 

Vulcan  Iron  Works 15 

Westinghouse  Electric  &  Mfg.  Co 9 

Weston  Electrical  Instrument  Co 5 
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Notes  on  Flotation.    By  J.  M.  Callow 3321 
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MCLAUGHLIN,  R.  P. — ^Protecting  CalifomU  Oil  Fields  from  Damace  by  Inllltntiiig 
Water.  Discvseed  by  M.  B.  Lombardi,  A.  F.  L.  BelL  A.  C.  McLaoghlin,  R.  P.  Mc- 
LaiichUa.WilliaxiiA.  wUliami*  Mark  L.Keqiia,  CD.  Keen MIS 

BBSTjW.  N.— Petroleum  as  Fuel  Under  Boilers  and  in  Furnaces.  Discussed  by  William  A. 
wUliamSy  Hennen  Jennincs,  David  T.  Day,  Mark  L.  Requa,  A.  F.  L.  Bell,  W.  N. 
Best 1410 

JOHNSON,  ROSWBLL  H.— Sliding  Royalties  for  Oil  and  Gas  Wells.  Discussed  by  Wil- 
liam A.  Williams,  A.  CMcLaui^Jin,  A.  F.L.  Bell,  RoswellH.  Johnson    SM2S 

BELL,  ARTHUR  F.  L. — ^Important  Topping  Plants  of  California.    Discussed  by  William 

A.  Williams,  David  T.Day,  A.  F.L.Beir 14S« 

LOMBARDI,  M.  B.— The  Cost   of  Maintaining  Production  in  California  Oil  Fields. 

Discussed  by  C.  D.  Keen,  Mark  L.  Requa,  H.  M.  Bacon,  M.  B.  Lombardi 14S7 

HUNTLBY,  L.  G. — Oil,  Gas,  and  Water  Contents  of  Dakota  Sand  in  Canada  and  United 

States,  Discussed  by  B.  W.  Shaw 1418 

WBAVBR,  CHARLES  E. — ^The  Possible  Occurrence  of  Oil  and  Gas  Wells  in  Washington. 
Discussed  by  Milnor  Roberts,  A.  C.  McLaughlin,  W.  N.  Best,  David  T.  Day,  J.  B. 
Tyrrell 1481 

DUMBLB,  B.  T. — ^The  Occurrences  of  Petroleum  in  Eastern  Mexico  as  Contrasted  with 
'     Those  in  Texas  and  Louisiana.    Discussed  by  B.  L.  DeGolyer 1484 

BOSpUI,  F.  L. — ^Metallurgical  Practice  in  the  Witwatersrand  District  South  Africa. 
Discussed  by  Sidney  J.  Jennings,  C.  W.  Merrill,  Hennen  Jennings,  W.  A.  Caldecott, 
A.  J.  Clark,  G.H.  Stanley,  W.R.Dowling 1488 

CLARK,  ALLAN  J. — Notes  on  Homestake  Metallurgy.    Discussed  by  G.  H.  Clevenger, 

John  A.  Fulton,  A.  J.  CUrk 1468 

SHARWOOD,  W.  J. — ^A  Rule  for  Goyeming  Cupellation  Losses.    Discussed  by  Frederic 

P.  Dewey     1484 

THORNHILL,  E.  B. — ^Recovery  of  Mercury  from  Amalgamation  Tailing,  Buffalo  Mines, 

Cobalt.    Discussed  by  D.  B.  Huntley,  H.  G.  S.  Anderson 1488 

LASS,  W.  P. — ^Electric  Furnace  for  Gold  Refining  at  the  Alaska-Treadwell  Cyanide 

Ftont.    Discussed  by  Robert  M.  Keeney,  R.  S.  Wile 1488 

RICKETTS,  L.  D. — Some  Problems  in  Copper  Leaching.    Discussed  by  Frederick  Laist, 

T.  T.  Read,  E.  H.  Hamilton 1489 

ADDICKS,  LAWRENCE.  Roasting  and  Leaching  Concentrator  Slimes  Tailings. 
Discussed  by  L.  D.  Ricketts,  E.  H.  Hamilton,  Frederick  Laist,  Charles  Butters,  T.  T. 
Read,  Lawrence  Addicks 1480 

THOMPSON,  A.  PERRT. — ^The  Occurrence  of  CoTollite  at  Butte,  Mont.  Discussed  br 
Arthur  A.  Bakle,  H.  W.  Turner,  C.  F.  Tolman,  A.  C.  Lawson,  A.  F.  Rogers,  L.  C. 
Graton,  J.  C.  Ray,  A.  Perry  Thompson 1484 

DONNELLY,  THOMAS  F. — The  Copper  Deposits  of  San  Cristobal,  Santo  Domingo. 

Discussed  by  F.  Lynwood  Garrison 1478 

DAKE,  C.  L. — ^The  Formation  and  Distribution  of  Bog  and  Iron-Ore  Deposits.  Dis- 
cussed by  A.  C.  Lawson,  G.  H.  Cox,  C.  L.  Dake 1478 

SOMERS,  R.  E. — Geology  of  the  Burro  Mountains  Copper  District,  New  Mexico.  Dis- 
cussed by  A.  C.  Lawson,  L.  C.  Graton 1478 

MITKE,  CHARLES  A.— Ventilation  of  the  Copper  Queen  Mines.    Discussed  by  Gerald 

Sherman,  Joseph  P.  Hodgson 1477 

BLACKNER,  LESTER  A. — ^Underground  Mining  Systems  of  Ray  Consolidated  Copper 

Co.    Discussed  by  Sidney  J.  Jennings 1478 

BRETHERTON,  S.  E. — The  Advantages  of  High-Lime  Slags  in  the  Smelting  of  Lead 

Ores.    Discussed  by  Anton  Eilers 1479 

MITINSKY,  A.  N. — Some  Suggestions  Regardingthe  Determination  of  the  Properties  of 
SteeL  Discussed  by  Lawford  H.  Fry,  H.  V.  Wille,  Henry  M.  Howe,  Mansfield 
Merrlman,  James  E.  Howard,  George  K.  Burgess,  Gaetano  Lanza 1481 

JONES,  CHARLES  COLCOCK-^The  Pacific  Coast  Iron  Situation.  Discussed  by  D.  A. 
Lvon,  Carl  H.  Booth,  Bradley  Stoughton,  H.  W.  Lash,  J.  W.  Richards,  Mr.  Malm, 
Mr.  Randal],  Mr.  willeston,  Charles  Colcock  Jones 1498 

LYON,  D.  A.  AND  KEENEY,  R.  M. — ^Electrometallnrgical  Industries  as  Possible  Con- 
sumers of  Electric  Power.    Discussed  by  Lawrence  Addicks,  Carl  H.  Booth,  J.  W. 
.   Beckiran,  Kenneth  Seaver,  J.  W.  Richards,  D.  A.  Lyon 1801 

KRANZ,  WILLIAM  G. — ^The  Electric  Furnace  in  the  Foundry.    Discussed  by  M.  Petinot, 

Carl  H.  Booth,  J.  W.  Richards,  H.  W.  Lash 1807 

GATHMANN,  BIOL. — The  Commercial  Produclion  of  Sound,  Homogeneous  Steel  Ingots 

and  Blooms.    Discussed  by  H.  W.  Lash,  J.  W.  Richards 1811 

TIEMANN,  HUGH  P. — Conversion  Scale  for  Centigrade  and  Fahrenheit  Temperatures. 

Discussed  by  J.  W.  Richards,  Hugh  P.  Tiemann 1811 


BOBCK.  P.  A. — ^The  Thermal  Insulation  of  Hiah-Teinperature  Equipment  Discussed 
bv  Lawrence  Addicks,  J.  W.  Richards,  A.  H.  Krieger,  J.  W.  Beckman,  Henry 
Kreisinger  and  J.  F.Barkley,  William  A.  Williams,  Kenneth  seaver 1818 


SEAVER,  KENNETH.— Manufacture  and  Tests  of  Silica  Brick  for  the  Bvproduct  Coke 

Oven.    Discussed'by  J.  W.  Richards,  William  A.  Williams,  Kenneu  Seaver    .   .  1819 
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NEW  TOSK  MEETING,  FEB.  14  TO  17»  1916 

The  112th  Meeting  of  the  Institute,  and  the  Annual  Business  Meeting, 
will  be  held  at  the  Headquarters  of  the  Institute  in  New  York  City, 
Feb.  14  to  17,  1916. 

The  Chairmen  of  several  of  the  technical  committees  report  that 
papers  on  subjects  of  timely  interest  in  their  respective  branches  have 
been  promised.  David  H.  Browne,  who  was  appointed  Chairman  of  the 
Committee  on  Arrangements,  has  organized  his  committee  for  active 
work. 

Members  are  urgecl  to  make  their  plans  now  to  be  present  at  this 
meeting  to  avail  themselves  of  the  pleasant  opportunity  for  greeting  old 
friends  and  making  new  ones  among  those  engaged  in  the  same  pro- 
fession. 

1916  DUES 

In  accordance  with  the  provisions  of  the  Constitution,  notice  is  hereby 
given  to  all  members  that  the  dues  of  the  year  1916  will  be  payable  on 
Jan.  1,  1916,  at  the  office  of  the  Secretary.  The  dues  are  $10,  and  the 
sum  of  $3  additional  is  asked  of  those  members  who  desire  to  have  the 
three  volumes,  which  will  be  issued  in  1916,  bound  in  the  Institute's  stand- 
ard half-morocco  binding. 

Volume  LI  of  the  Transactions  is  now  in  the  press  and  will  be  sent  in 
January  to  all  members  whose  dues  for  the  year  1916  are  paid  at  that 
time. 
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PROCEEDINGS  OF  THE  ONE  HUNDRED  AND  ELEVENTH 
MEETING  OF  THE  AMERICAN  INSTITUTE  OF 

MINING  ENGINEERS 

Held  at  San  Francisco,  Cal.,  Thursday  to  Sunday,  Sept  16  to  19,  1915 


Committees 

ArrangemerUs  . 

Charles  W.  MERRiLL^Aoirmon 
Edward  H.  Benjamin  H.  C.  Hoover 

Fred  W.  Bradley^  W.  C.  Ralbton 

Abbot  A.  Hanks  G.  H.  Clevenoer 


Excursion 

Abbot  A, 
E.  T.  Blake 
C.  G.  Dennis 
C.  E.  Grunbkt,  Jr. 
Artht/b  B.  Foote 
George  O.  Braj>let 
E.  N.  Enoelhardt 

N. 


and  Accommodations 

,  Hanks,  Chairman 

R.  H.  Bedford 
Frederick  Bradshaw 
Edmund  Juessbn 
F.  A.  Keith 
Charles  Janin 
R.  S.  Haseltinb 

Cleaveland 


E.  B.  Braden 
H.  C.  Hoover 

S.  W.  MUDD 

D.  M.  FoLsoM 

T.  A.  RiCKARD 

G.  W.  Metcalfe 
Charles  Butters 


Reception 

W.  H.  Shocklet,  Chairman 

J.  M.  Htde 

F.  A.  Keith 

C.  E.  Van  Barneveld 

J.  C.  Rat 

E.  A.  Hbrsam 

Stuart  Rawungs 

m.  h.  kurtla 


C.  H.  LiNDLET 


F.  G.  COTTRBLL 

R.  E.  Cranston 


Program 
G.  H.  Clevenoer,  Chairman 


E.  L.  Oliver 
E.  H.  Nutter 


E.  H.  Benjamin 

A.  BURCH 

D.  C.  Jacklino 
M.  L.  Rbqua 
A.  F.  L.  Bell 
G.  E.  Webber 


T.  T.  Read 


Andrew  C.  Lawson 

Financial 

C.  W.  Merrill,  Chairman 

Howard  D.  Smith 
William  Hague 
Gardner  Williams 
Robert  B.  Moran 
R.  P.  McLaughlin 

H.  M.  WOLFUN 

Public  Announcement  • 

W.  C.  Ralston,  Chairman 

H.  W.  Young 


Ladie^  Committee 

Mrs.  C.  W.  Merrill,  Chairman 
Mrs.  H.  C.  Hoover  Mrs.  G.  H.  Clevenger 

Mrs.  R.  E.  Cranston  Mrs.  A.  A.  Hanks 

Mrs.  J.  C.  Ray  Mrs.  W.  H.  Shocklet 

Mrs.  Edmund  Juebsen  Mrs.  P.  A.  Hearst 

Mrs.  T.  a.  Rickard  Mrs.  D.  M.  Folbom 

Mrs.  M.  L.  Requa  Mrs.  D.  C.  Jackung 

Mrs.  F.  W.  Bradley  Mrs.  Eugene  Braden 

Mrs.  C.  H.  Lindley 


American  Institutb  op  Mining  Enoinebrs  v 

Excursions  and  Social  Functions 

The  Institute  joined  with  the  American  Society  of  Civil  Engineers, 
the  American  Society  of  Mechanical  Engineers,  the  American  Institute  of 
Electrical  Engineers,  and  the  Society  of  Naval  Architects  and  Marine 
Engineers,  in  arranging  for  a  special  train  from  New  York  to  San  Fran- 
cisco to  carry  members  and  guests  of  the  five  Societies,  as  well  as  foreign 
inembers  of  the  International  Engineering  Congress.  This  train,  con- 
sisting of  Pullman  cars  and  diners,  lift  New  York  on  the  evening  of  Sept.  9. 
A  stop  of  four  hours  was  made  on  Sept.  10  for  a  visit  to  Niagara  Falls.  A 
stop  of  10  hours  was  made  at  Colorado  Springs  where  arrangements  had 
been  made  for  a  trip  by  automobile  through  the  famous  Crystal  Park, 
followed  by  trips  to  the  summit  of  Pikes  Peak,  or  visits  to  gold  mills  in 
Colorado  Springs.  Those  members  of  the  party  who  did  not  take  these 
trips  were  taken  by  automobile  to  the  Cripple  Creek  district  where  a 
visit  was  made  to  the  mine  and  mill  of  Portland  Gold  Mining  Co. 

On  Sept.  14  the  special  train  stopped  for  14  hours  at  the  Grand  Canyon, 
and  then  reached  the  City  of  San  Francisco  at  9:30  on  the  evening  of 
Sept.  15.  About  150  engineers  and  guests  journeyed  by  this  train  and 
were  unanimous  in  expressing  appreciation  of  the  arrangements  that  had 
been  made  by  the  Joint  Committee  having  this  in  charge  and  by  the  Local 
Committee  at  Colorado  Springs.  Sincere  appreciation  was  also  expressed 
by  the  30  members  of  the  party  who  made  the  visit  to  the  Cripple  Creek 
district  as  guests  of  the  Portland  Gold  Mining  Co. 

The  Joint  Committee  on  Arrangements  of  the  five  Societies  was  as 
follows: 

Albz.  C.  Humphreys,  Chainnan  Georgb  F.  Kunz 

Charlbb  Wabrbn  Hunt,  Secretary  Bradley  Stouqhton 

William  L.  Saxtnders  H.  H.  Barnes,  Jr. 

William  H.  Wiley  George  F.  Sever 

Stevenson  Taylor  F.  L.  Hutchinson 

W.  M.  McFarland  E.  D.  Meier 

Daniel  H.  Cox  Ambrose  Swasey 

E.  E.  Olcott  Calvin  W.  Rice 

Excursions  in  San  Francisco. — The  Local  Committee  representing 
the  National  Engineering  Societies  and  the  International  Engineering 
Congress  had  arranged  a  number  of  excursions  in  San  Francisco  for  mem- 
bers of  the  various  Societies  involved,  of  which  the  following  is  a  list: 
•  i  Sept.  18:  The  San  Francisco  High  Pressure  Fire  System,  the  Potrero 
Gas  Works,  and  Electric  Station  "A,"  Pacific  Gas  &  Electric  Co. 

Sept.  18:  Spring  Valley  Water  Works  Properties  on  east  side  of  San 
Francisco  Bay. 

Sept.  19:  Spring  Valley  Water  Works  Reservoirs  and  Pumping 
Stations  on  San  Francisco  Peninsula. 

Sept.  19:  The  Delta  Lands  of  the  Sacramento  &  San  Joaquin  Rivers. 

Sept.  17-18:  Great  Western  Power  Co.'s  Hydro-electric  Development 
on  Feather  River  and  Dredging  at  Oroville. 

Sept.  18-19:  Pacific  Gas  &  Electric  Co.s^  Hydro-electric  Development 
at  Lake  Spaulding  and  Drum  Power  House,  and  the  Gold  Mines  at  Grass 
Valley. 

Sept.  17-19:  Oil  Fields  at  Coalinga. 
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Boat  Trip  Around  San  Francisco  Bay. — ^Through  the  courtesy  of 
Colonel  D.  C.  Jackling,  the  Local  Committee  of  the  Institute  had  pro- 
vided for  a  boat  trip  around  San  Francisco  Bay  for  members  of  the  Insti- 
tute and  their  guests  only,  on  the  beautiful  and  commodious  yacht  of 
Colonel  Jackling,  which  holds  comfortably  200  persons.  Only  200  tickets 
were  issued  and  every  one  of  these  was  eagerly  sought  after.  A  buffet  lun- 
cheon and  afternoon  tea  were  served  on  board  the  yacht;  the  trip  included 
a  visit  of  about  an  hour's  duration  to  the  smelting  plant  of  the  Selby 
Smelting  &  Lead  Co.  There  does  not  exist  a  better  opportunity  for 
promoting  acquaintance  among  a  large  number  of  people  than  by  means 
of  an  attractive  boat  trip  of  this  character  and  it  is  safe  to  say  that  every 
member  of  the  party  enjoyed  himself  or  herself  to  the  utmost.  This  trip 
started  at  10:00  a.m.  on  Saturday,  Sept.  17,  and  all  the  guests  were  on 
shore  again  by  4:30  in  the  afternoon. 

Garden  Party  of  Charles  Butters. — On  Sunday  afternoon,  Sept.  19, 
members  and  guests  of  the  Institute  were  entertained  at  a  garden  party 
by  Mr.  and  Mrs.  Charles  Butters  in  their  beautiful  place  in  Berkeley. 
This  event  proved  to  be  one  of  the  most  enjoyable  of  the  entire  meeting. 

Banquet. — A  complimentary  banquet  was  tendered  to  visiting  members 

and  guests  by  the  San  Francisco  members  on  Pi-iday  evening,  Sept.  17 

at  7:30  p.m.,  at  the  Palace  Hotel.    This  banquet  was  attended  by  about 

400  persons.     Mr.  E.  H.  Benjamin  acted  as  toastmaster  and  toasts  were 

responded  to  by  the  following  speakers: 

Benjamin  Ide  Wheeler:  An  Engineer 
W.  L.  Saunders:  California 
Van  H.  Manning:  Cooperation 
George  Otis  Smith:  The  Outlook 
T.  A.  Rickard:  The  Ladies 

Luncheons. — Thursday,  Sept.  16,  luncheon  was  had  at  Belle vue 
Hotel  where  the  sessions  were  held.  On  Friday  there  was  a  joint  sub- 
scription luncheon  of  the  Institute  and  the  American  Electrochemical 
Society  at  the  Clift  Hotel,  adjoining  the  Bellevue  Hotel. 

Entertainment  of  Ladies. — On  Wednesday  evening,  Sept.  15,  the 
Ladies'  Committee  held  an  informal  reception  for  the  visiting  ladies  and 
members  in  the  lobby  of  the  Bellevue  Hotel.  This  reception  began  shortly 
after  the  arrival  of  the  Engineers  Special  Train  from  the  East.  On 
Thursday,  Sept.  16,  the  ladies  were  entertained  by  an  automobile  trip 
through  the  famous  Golden  Gate  Park  and  the  Presidio,  after  which  a 
complimentary  luncheon  was  served  on  the  Exposition  grounds;  the  ladies 
of  Sfen  Francisco  acted  as  guides  to  the  visiting  ladies  in  seeing  the  principal 
objects  of  interest  in  the  Exposition.  On  Friday  morning  the  ladies  were 
taken  through  Chinatown,  a  favorite  trip  of  all  visitors  to  San  Francisco. 

American  Institute  op  Mining  Engineers'  Day  at  the  Exposition 

The  management  of  the  Panama-Pacific  International  Exposition  had 
designated  Friday,  Sept.  17,  as  the  American  Institute  of  Mining  Engi- 
neers' Day  at  the  Exposition  and  in  the  afternoon  at  4  o'clock  ceremonies 
were  held  by  the  officers  of  the  Exposition  and  the  officers  of  the  Institute 
in  the  Court  of  Abundance.  These  ceremonies  consisted  in  the  presen- 
tation to  the  Institute  of  a  bronze  medal  (see  accompanying  illustrations). 
The  presentation  was  made  on  behalf  of  the  Exposition  officers  by  Director 
F.  L.  Brown,  in  a  feUcitous  speech,  thanking  the  Institute  for  its  share  in 
the  activities  of  the  Exposition  by  holding  its  meeting  in  San  Francisco 
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and  joining  in  the  support  of  the  International  Engineering  Congress  in 
San  Francisco.  President  Saunders  responded  on  behalf  of  the  Institute 
in  the  following  words: 

It  is  said  that  the  last  words  of  William  IV  on  hearing  the  sound  of  cannon  on  the 
anniversary  of  the  Battle  of  Waterloo,  were,  "That  was  a  great  daj  for  f^gland;"' 
and  so  as  the  members  of  this  Institute  look  out  upon  this  nreat  expositioii  and  see  and 
hear  what  California,  a  mining  State,  has  done  in  but  litUe  more  than  a  century,  we 
may  perhaps  be  pardoned  for  exclaiming  with  joy  and  pride,  This  is  a  great  day  for 
the  American  Institute  of  Mining  Enj^eers. 

We  are  glad  to  be  here,  we  are  gladthat  we  are  alive:  happy  in  the  thrill  of  vitality 
which  is  quickened  by  Califomia  spirit  and  by  the  elixir  of  ^our  glorious  climate. 
On  behalf  of  the  Institute  which  I  represent,  I  thank  you  for  giving  us  this  day.  In 
thus  honoring  the  Institute  you  are  payizig  a  tribute  of  regard  and  appreciatioii  to 
the  whole  mining  industry;  to  the  lusty  pioneer  who  blazed  the  trail  and  whose  diy 
bones  were  the  only  moniunents  to  mark  the  milestones  of  his  progress:  to  the  edu- 
cated engineer  and  the  capitalist^  whose  skill  and  money  were  spent  beneath  the  soil 
in  daring;  efforts  to  release  the  hidden  forces  of  Nature  and  put  them  to  the  serviee 
of  mankmd.  You  are  paying  tribute  to  the  geologist,  the  chemist,  and  the  metaliuig- 
ist,  for  they  too  are  mining  engineers  and  members  of  this  Institute. 

I  speak  of  Califomia  as  a  mining  State;  as  such  were  you  bom.  You  received 
your  baptism  in  the  waters  of  the  South  Fork  of  the  American  River,  when  Maxshall 
discovered  ^old  at  Sutter's  Mill  in  1848.  This  was  the  beginning  of  the  golden  age 
for  California  and  the  world.  The  golden  age  means  more  than  the  age  of  gold;  it 
is  the  age  of  progress^  of  prosperity  and  industrial  renown  and  wealtn,  the  aee  of 
railways  and  steamships,  of  manufacture,  of  the  steam  endne,  of  electricity,  of  the 
telephone,  telegraph,  tne  automobile  and  the  aeroplane.  All  these  things  were  made 
possible,  yes,  they  were  initiated  and  installed  through  means  which  were  afforded 
by  the  mining  industry.  The  mining  engineer  has  midtmlied  and  replenished  the 
earth  through  subduing  it;  he  has  released  those  forces  of  nature  which  have  been 
hidden  through  countless  e^es;  he  has  through  the  science  of  metallurgy  and  chemistiy 
made  it  economically  possible  to  widen  and  enlarse  to  enormous  proportions  the  use 
and  influence  of  these  forces.  Look  into  the  mooem  locomotive  ana  steamship  and 
we  shall  see  that  almost  every  pound  of  their  vital  structure  is  a  product  of  the  mines: 
The  lathe  that  fashioned  the  shaft  is  itself  a  product  of  the  mine  and  it  gets  its  power 
to  turn  from  coal  mined  by  machines  which  are  themselves  products  of  the  mines. 
Lest  you  say  to  all  this  that  the  art  of  mining  is  as  old  as  the  nills  let  us  remind  you 
of  the  fact  that  mining  at  low  cost,  mining  low-grade  ore,  and  doing  these  things  on 
a  large  scale  and  the  art  of  reduction  and  treatment  through  metallurgy^  are  the  ac- 
complishments of  the  mining  engineer  of  our  time.  This  was  the  key  which  unlodced 
those  forces  which  have  been  the  impulse  behind  the  sreat  industrial  progress  of  the 
world.    This  too  has  all  been  accomplished  since  the  discovenr  of  gold  in  California, 

Let  us  review  some  of  the  facts  of  historjr.  The  first  half  of  the  ninteenth  century 
was  a  period  marked  by  little  progress  in  mdustrial  wealth.  The  world's  output  of 
gold  from  1800  to  1835  varied  from  $10,000,000  to  $15,000,000  annually.  The  yeariy 
product  of  iron  during  this  period  was  only  between  2,000,000  and  S^OOOyOOO  tons, 
coal  less  than  50,000,000  tons,  copper  less  than  50,000,000  pounds.  There  were  no 
transcontinental  railways,  no  great  steamships,  no  battleships,  no  factor^r  system  ol 
manufacture,  no  large  corporations.  The  total  gold  product  of  the  UnitcMl  States 
during  the  period  mentioned  scarcely  reached  $1,(KK),0()0  annually.  BeginninR  about 
the  middle  of  the  century  when  Califomia  set  the  pace  by  adding  in  a  single  year 
$50,000,000,  and  even  $80,000,000  to  the  gold  of  the  world,  there  followed  a  steady 
and  increasing  progress  made  in  the  output  of  iron,  coal,  and  copper.  Railway 
building  progressed  on  almost  parallel  lines,  so  too  did  the  deposits  m  the  banks  oi 
the  Umted  States.  It  is  of  interest  to  note  here  that  the  American  Institute  of  Min- 
ing Engineers  got  aboard  in  1871  and  thereafter  shared  closely  in  growth  andpros- 
peritv  this  march  of  industrial  progress. 

The  world's  production  of  gold  at  the  present  time  is  over  $450,000^000  anniially. 
The  United  States  alone  now  produces  over  26,000,000  tons  of  pi^  iron  annually, 
and  about  550,000,000  tons  of  coal.  The  world's  yearly  production  of  copper  is 
now  over  900,000  tons  and  of  this  the  United  States  produced  over  500,000 
tons.  So  too  we  find  that  the  average  per  capita  wealth  of  the  people  of  the 
United  States  has  risen  from  $300  in  1850  to  over  $1,300.  The  influence  of  mining 
on  wealth  is  conspicuously  shown  in  the  case  of  your  neighbor,  the  State  of  Nevada, 
where  the  per  capita  wealth  of  her  people  is  about  $4,800.    Nevada  is  strictly  ^>eak- 
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ing  a  mining  State,  with  easy  divorce  laws  to  interest  and  allure  the  homeless  and 
distracted  mining  engdneer. 

California  has  added  more  than  $1^600,000,000  to  the  gold  supply  of  the  world. 
Her  record  average  of  over  $25,000,000  m  gold  annually  for  50  years  is  unprecedented. 
It  has  been  estimated  that  the  actual  value  of  gold  deposits  should  be  midtiplied 
eight  times  to  get  the  true  value  in  credit  and  capital:  If  this  is  true  then  Calif omia 
has  in  her  gold  supply  alone  contributed  over  $12,000,000,000  to  the  capital  wealth 
of  the  United  States. 

Gold  is  the  standard  of  all  values.  It  is  the  measure  of  credit,  the  basis  of  ex- 
change. "Change  and  decay  in  all  around  I  see,''  but  in  gold  there  is  no  change,  no 
decay.  The  lure  of  gold  has  discovered  continents  and  turned  deserts  into  fertile 
lands.  Gold  was  the  Deacon  light  which  led  Columbus  across  the  Atlantic.  Cortez, 
Pizarro,  Balboa,  and  others  who  are  called  explorers  were  really  pioneers  and  prospec- 
tors whose  voyages  led  to  the  early  development  of  mining  in  Peru  and  Chile.  But 
not  till  California  led  the  way  did  the  mine  explorer  become  a  world  builder;  he  was 
the  advance  a^nt  of  prospenty. 

The  stability  of  this  country  in  peace  and  in  war  is  due  mainly  to  the  mining 
en^eer.  Our  industrial  strength  comes  from  the  mines,  the  mills,  and  the  furnaces 
which  are  now  so  well  oreanised  on  a  peace  basis  and  which  have  in  their  substance 
aU  the  sinews  of  war.  Military  supremacy  comes  from  the  same  elements  as  industrial 
supremacy,  it  is  mainly  a  question  of  organizing  the  resources  of  the  country.  Of 
one  thing  we  may  feel  sure  and  that  is  that  no  nation  can  ever  make  a  scrap  of  paper 
out  of  a  gold  eagle. 

You  may  crush,  you  may  shatter  the  coin  if  you  will, 
But  the  value  of  gold  dust  remains  with  it  still. 

It  was  because  of  the  reco^ized  importance  of  the  mining  and  metaUureical 
industiy  that  the  American  Institute  of  Mining  Engineers  was  organized  at  Wi&es-^ 
Barre,  Pa.,  in  1871.  Following  the  War  of  theKebeUion  and  coincident  with  the  de- 
velopment of  the  mining  industry  in  the  far  Western  States,  there  arose  a  great 
demand  for  mining  engineers.  It  was  recognized  that  the  chief  factor  in  the  develop- 
ment of  the  western  country  was  the  mining  industry;  it  created  a  romantic  interest 
and  it  gave  a  stimulus  to  the  people  in  general  and  even  to  Conn'ess  which  granted 
large  subsidies  for  railway  building.  Scientific  schools  were  established  and  technical 
journals  disseminated  engineering  literature;  but  the  mining  men,  those  actually 
engaged  in  the  mines  and  mills  and  smelters,  were  not  organized.  They  needed  a 
common  ground  for  the  exchange  of  ideas,  a  forum  for  discussion  and  education;  and 
so  the  Institute  was  established!^  It  was  the  second  society  of  its  kind  foUowing  the 
organization  of  the  American  Society  of  Civil  Engineers.  The  Tranaadums  of  the 
Institute  cover  geology,  assaying,  milling,  smelting,  mining,  quarrying,  and  general 
construction  management.  The  papers  submitted  at  the  meetings  cover  a  wide 
field  and  are  recognized  by  engineers  and  scientists  throughout  the  world  as  of  sig- 
nificance and  value. 

The  Institute  is  incorporated  under  the  laws  of  the  State  of  New  York,  organized 
and  existing  with  the  object  of  promoting  the  arts  and  sciences  connected  with  the 
economic  production  of  the  useful  minerals  and  metals  and  the  welfare  of  those 
employed  m  these  industries  by  means  of  meetings  for  social  intercourse  and  the 
reading  and  discussion  of  professional  papers,  and  to  circulate  by  means  of  publica- 
tions among  its  members  the  information  thus  obtained.  Its  membership  mcludes 
those  who  have  worked  their  way  up  from  the  ranks  as  well  as  graduates  from  scien- 
tific schools  and  colleges.  Leadmg  professors  and  technical  educators  have  always 
been  prominent  in  its  membership.  The  welfare  and  siuTety  of  the  mine  workers  is 
a  subject  of  recent  and  earnest  interest  among  the  members,  and  a  new  field  of  use- 
fulness has  been  developed  in  using  the  power  and  tne  in^uence  of  the  Institute 
wherever  the  industry  represented  by  mining  and  metallur^  or  the  people  engaged 
in  the  work  may  be  benefited  through  State  or  national  legislation. 

On  behalf  of  the  members  of  the  American  Institute  of  Mining  Engineers,  number- 
ing now  over  5,000  and  scattered  throughout  the  world,  I  extend  to  President  Moore, 
to  San  Francisco,  and  to  California,  a  full  measure  of  warm  congratulations  and  our 
best  wishes  for  continued  and  increasing  health,  happiness,  and  prosperity. 
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Technical  Sessions 

The  first  technical  session  was  held  at  10:00  a.m.  on  Thursday,  Sept. 
16,  1915,  in  the  Palm  Room  of  Bellevue  Hotel,  Charles  W.  Merrill 
presiding. 

An  ad(lress  of  welcome  on  behalf  of  California  was  made  by  Mr. 
Arthur  Arlett  to  whom  Gov.  Hiram  Johnson  deputed  this  duty.  Presi- 
dent Saunders  replied  on  behalf  of  the  Institute  as  follows: 

On  behalf  of  the  American  Institute  of  Mining  Ensineers  it  gives  me  pleasure  to 
express  our  deep  appreciation  of  the  privilege  extendedi  to  us  of  holding  this  meeting 
in  California.  We  are  glad  to  be  here.  It  is  always  an  inspiration  and  a  pleasure 
to  inhale  your  life-giving  air.  It  is  always  a  rare  treat  to  get  the  true  spirit  of  the 
West  by  rubbing  elbows  with  your  people. 

But  this  meeting  seems  to  me  to  have  an  importance^  a  far-reaching  significance 
beyond  any  other  that  has  been  held  since  the  foundation  of  the  Institute.  I  am 
also  impressed  by  the  fact  that  it  has  a  great  significance  to  the  people  of  California. 
In  the  Dusy  march  of  your  industrial  life,  with  the  many  activities  which  now  flourish 
engrossing  your  attention  and  giving  wealth,  prosperity  and  happiness  to  your 
people,  does  it  occur  to  you  that  after  all  the  basic  foundation  upon  which  your 
whole  structure  lies  is  the  mining  industry.  Mining  made  Califomia  what  she  is 
and  mining  is  still  your  greatest  industry.  Your  mines  have  made  it  possible  to 
establish  the  gold  standard  throughout  the  world.  Your  mines  first  created  a  human 
movement  toward  the  far  West  which  not  only  gave  you  those  young  and  lusty 
pioneers  of  industry^  but  they  peopled  the  western  part  of  this  country.  It  was  the 
romantic  mining  spirit  of  California  which  influenced  so  successfully  the  building  of 
railways  to  the  far  West. 

Califomia  created  the  mining  engineer,  and  the  mining;  engineer,  true  to  his  parent, 
has  made  California  what  she  is.  He  dia  more  than  this,  your  scientific  schools  and 
your  many  workshops  in  the  field  sent  forth  the  men  who  first  developed  the  mining 
industry  in  America,  Australia.  Africa  and  other  places  of  the  world.  Others  have 
done  much  but  the  men  of  California  blazed  the  nrst  trail  and  did  that  part  of  the 
work  which  is  the  hardest  of  all,  the  work  of  the  pioneer. 

This  Institute  is  the  only  organized  body  which  for  44  years  has  represented  the 
mining  men,  from  the  man  with  the  pick,  who  rises  to  a  higher  charge,  to  the  coUege 
man,  the  geologist,  the  chemist,  the  assayer,  the  engineer,  the  metallurgist  and  the 
manager.     Our  work  is  codrdinated  for  the  safety,  welfare  and  profit  of  me  industry. 

We  feel  that  we  have  a  right  to  be  here  at  this  festival  held  in  honor  of  your 
prosperity,  and  as  we  have  shared  with  you  some  of  the  burdens  and  hards^ps  of 
the  past,  you  will  I  trust  permit  us  at  this  happy  time  also  to  share  with  you  at  least 
some  measure  of  your  pride  and  rejoicing. 

The  following  papers  were  then  presented  by  their  authors  or  authors' 
representatives: 

Underground   Mining  Systems  of  Ray  Consolidated  Copper  Co.     By  Lester  A. 

Blackner.     (Discussed  by  Sidney  J.  Jennings.) 
Some  Problems  in  Copper  Leaching.     By  L.  D.  Ricketts.     (Discussed  by  Frederick 

Laist,  T.  T.  Read,  E.  H.  Hamilton.) 
Notes  on  Homestake  Metallurgy.     By  Allan  J.  Clark.     (Discussed  by  H.  G.  Clev- 

enger,  J.  A.  Fulton.) 
The  Metallurgy  of  Gold  in  the  Witwatersrand  District;  South  Africa.     By  F.  L. 

Bosqui.     (Discussed  by  Sidney  J.  Jennings,  C.  W.  MerrilL  Charles  Butters, 

Hennen  Jennings,  Allan  J.  Clark  and  written  discussion  by  W.  A.  Caldecott.) 

On  the  afternoon  of  Thursday,  Sept.  16,  1915,  at  2:00  p.m.,  a  Session 
on  Gold  and  Silver  was  held  in  the  Palm  Room  of  Bellevue  Hotel,  F.  Lyn- 
wood  Garrison  presiding. 

The  following  papers  were  then  presented  by  their  authors  or  authors' 
representatives: 

Mill  and  Cyanide  Plant  of  Chiksan  Mines,  Korea.     By  Charles  W.  De  Witt. 
Slime  Agitation  and  Solution  Replacement  Methods,  West  End  Mill,  Tonopah, 
Nev.     By  Jay  A.  Carpenter. 
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Cyaniding  Practice  of  CJhurchill  Minine  Co.,  Wonder,  Nev.     By  E.  E.  Carpenter. 

Tne  Tonopah  Plant  of  the  Belmont  Muling  Co.     By  A.  H.  Jones. 

A  Rule  Groveming  Cupellation  Losses.    By  W.  J.  Sharwood.     (Written  discussion  by 

Frederic  P.  Dewey.) 
Zinc-Dust  Precipitation  Tests.    By  Nathaniel  Herz. 
Recovery  of  Mercury  from  Amalgamation  Tailing,  Buffalo  Mines,  Cobalt.     By  E.  B. 

Thomhill.    (Discussed  by  D.  B.  Huntley,  H.  G.  S.  Anderson.) 

The  following  papers  were  read  by  title  only: 

Amalgamation  Tests.     Bv  W.  J.  Sharwood. 

Electric  Furnace  for  Gold  Refining  at  the  Alaska-TreadweU  Cyanide  Plant,     By 
W.  P.  Lass.     (Written  discussion  by  R.  M.  Keeney.) 

On  the  afternoon  of  Thursday,  Sept.  16, 1915,  at  2:00  p.m.,  a  Session 
on  Geology  and  Mineralogy  was  held  in  the  Red  Room  of  Bellevue 
Hotel,  Andrew  C.  Lawson  presiding. 

The  following  papers  were  then  presented  by  their  authors  or  authors' 
representatives: 

The  Geology  of  the  Iron-Ore  Deposits  in  and  Near  Daquiri,  Cuba.     By  James  F. 

Kemp.     (Discussed  by  W.  E.  Pratt.) 
The  Occurrence  of  Covellite  at  Butte,  Mont.     By  A.  Perry  Thompson.     (Dii^cussed 

by  A.  S.  Eakle,  H.  W.  Turner,  C.  F.  Tolman,  A.  F.  Rogers,  L.  C.  Graton,  A.  C. 

Lawson,    J.    C.    Ray.) 
The  Formation  and  Distribution  of  Bog  Iron  Ores.     By  C.  L.  Dake.     (Discussed  by 

A.  C.  Lawson.) 
GeoloEf  of  the  Burro  Mountains  Copper  District,  New  Mexico.     By  R.  E.  Somers. 

(Discussed  by  J.  B.  Umpleby,  L.  C.  Graton.) 
Method  of  Making  Mineralogical  Analysis  of  Sand.     By  C.  W.  Tomlinson. 
The  Copper  Deposits  of  San  Cristobal,  Santo  Domingo.     By  Thomas  F.  Donnelly. 

(Written  discussion  by  F.  Lynwood  Garrison.) 

The  following  papers  were  read  by  title  only: 

Additional  Data  on  Origin  of  Lateritic  Iron  Ores  of  Eastern  Cuba.     By  C.  K.  Leith 

and  W.  J.  Mead. 
The  Formation  of  Oxidized  Ores  of  Zinc  from  the  Sulphide.     By  Y.  T.  Wang. 
The  Formation  and  Distribution  of  Residual  Iron  Ores.     By  C.  L.  Dake. 

On  Friday,  Sept.  17,  1915,  at  9:00  a.m.,  a  Session  on  Petroleum  and 
Gas  was  held  in  the  Red  Room  of  Bellevue  Hotel,  Arthur  F.  L.  Bell  pre- 
siding. 

The  following  papers  were  then  presented  by  their  authors  or  authors' 
representatives: 

Petroleum  as  Fuel  Under  Boilers  and  in  Furnaces  for  Heating,  Melting,  and  Heat 

Treatment  of  Metals.     By  W.  N.  Best.     (Discussed  by  A.  F.  L.  Bell,  William  A. 

Williams,  Hennen  Jennings,  D.  T.  Day,  Mark  L.  Requa.) 
Gasoline  from   "Synthetic"  Crude  Oil.     By  Walter  O.  Snelling.     (Discussed  by 

A.  C.  McLaughlin,  William  A.  Williams,  W.  N.  Best,  Mark  L.  Requa,  A.  F.  L. 

Bell,  D.  T.  Day,  Walter  Stalder.) 
The  Possible  Occurrence  of  Oil  and  Gas  Fields  in  Washington.    By  Charles  E.  Weaver. 

g>iscussed  by  A.  C.  McLaughlin,  W.  N.  Best,  Milnor  Roberts,  W.  E.  Pratt, 
.  T.  Day  George  O.  Smith.) 
Protecting  California  Oil  Fields  from   Damage  by   Infiltrating  Water.     By  R.  P. 
McLaughlin.     (Discussed  by  A.  C.  McLaughlin,  M.  E.  Lombardi,  A.  F.  L.  Bell. 
William  A.  Williams,  M.  L.  Requa,  C.  D.  Keen.) 
The  Cost  of  Maintaining  Production  in  California  Oil  Fields.     By  M.  E.  Lombardi. 

(Discussed  by  M.  L.  Requa,  C.  D.  Keen,  H.  M.  Bacon.) 
Important  Topping  Plants  of  California.     By  Arthur  F.  L.  Bell.     (Discussed  by 
William  A.  Williams,  D.  T.  Day.) 

The  following  papers  were  presented  by  title  only: 

The  Occurrences  of  Petroleum  in  the  Oil  Fields  of  Eastern  Mexico  as  Contrasted  with 

those  of  Texas  and  Louisiana.     By  E.  T.  Dumble. 
on,  Gras  and  Water  Content  of  Dakota  Sand  in  Canada  and  United  States.     By 

L.  G.  Huntley. 
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Correlation  and  Geological  Structure  of  the  Alberta  Oil  Fields.    By  D.  B.  Dowling. 

The  Mexican  Oil  Fields.    By  L.  G.  Huntley. 

Sliding  Royalties  for  Oil  and  Gas  Wells.     By  Roswell  H.  Johnson.     (Discussed  by 

William  A.  Williams,  A.  C.  McLaughlin,  A.  F.  L.  Bell.) 
The  Furbero  Oil  Field,  Mexico.    By  E.  DeGlolyer. 

On  Friday,  Sept.  17, 1915,  at  9:00  a.m.,  Session  on  Electro-Metallurgj-. 
Joint  Session  with  the  American  Electrochemical  Society,  in  the  Palm 
Room  of  Bellevue  Hotel,  Lawrence  W.  Addicks,  President  of  the  Ameri- 
can Electrochemical  Society,  presiding. 

The  following  papers  were  presented  by  their  authors  or  authors' 
representatives: 

The  Thermal  Insulation  of  High-Temperature  Equipment.    By  Percy  A.  Boedc. 

(Discussed  by  Lawrence  Addicks,  J.  W.  Beckman,  A.  H.  Kreiger,  J.  W.  Richards, 

ICenneth  Seaver.) 
Metallurgical  Industries  as  Possible  Consumers  of  Electric  Power.     By  Dorsey  A 

Lyon  and  Robert  M.  Keeney.     (Discussed  by  Lawrence  Addicks,  G.  IL  Cleveaiger 

C.  H.  Booth,  Kenneth  Seaver,  J.  W.  Richards,  J.  W.  Beckman,  T.  T.  Read.) 
The  Electric  Precipitation  of  Gold,  Silver  and  Copper  from  Cvanide  SolutioiiB.     By 

G.  H.  Clevenger.     (Discussed  by  Dr.  Daschak,  J.  W.  Richards,  T.  T.  Read.) 
Solution  Stratification  as  an  Aid  to  the  Purification  of  Electrolytes.    By  Francis  R. 

F^e.     (Discussed  by  Frederick  Laist,  Lawrence  Addicks,  J.  W.  Richards.) 
Roastmg   and   Leaching   Concentrator   Slimes   Tailings.     By   Lawrence    Addicks. 

(Discussed  by  Frederick  Laist,  Lawrence  Addicks,  J.  W.  Richards.) 
The  Electrolysis  of  Copper  Sulphate  Liquors,  Using  Carbon  Anodes.     By  Lawrence 

Addicks.     (Discussed  by  L.  D.  Ricketts,  E.  H.  Hamilton,  Frederick    Laistr 

Charles  ButtersO 
Hydro-Electrolytic  Treatment  of  Copper  Gres.    By  Robert  Rhea  Goodrich. 

The  following  papers  were  read  by  title  only: 

Melting  of  Ferro-AUoys  in  the  Electric  Furnace.    By  R.  S.  Wile. 
Radiography  of  Metals.     By  Wheeler  P.  Davey. 

On  Friday  afternoon,  Sept.  17, 1915,  at  1  o'clock,  a  Session  on  Mining, 
Milling  and  Non-Ferrous  Metallurgy,  was  held  in  the  Palm  Room  of 
Bellevue  Hotel,  Karl  Eilers  presiding. 

The  following  papers  were  presented  by  their  authors  or  authors* 
representatives: 

Tramming  and  Hoisting  at  the  Copper  Queen  Mine.    By  Gerald  Sherman. 
Ventilation  of  the  Copper  Queen  Mine.     By  Charles  A.  Mitke.     (Discussed  by 

GeraldlSherman,  J.  r.  Hodgson.) 
Fire-Fighting  Methods  at  Mountain  VieW  Mine,  Butte,  Mont.     By  C.  L.  Berrien. 
Standardizing  Rock-Crushing  Tests.     By  M.  K.  Rodgers. 

The  Concentrator  of  the  Timber  MiUing  Co.,  Butte,  Mont.     By  Theodore  Simons. 
The  British  Columbia  Copper  Co.'s  Smelter,  Greenwood,  B.  C.     By  Frederic  K. 

Brunton. 
The  Advantage  of  High-Lime  Slags  in  the  Smelting  of  Lead  Ores.     By  S.  E.  Breih- 

erton.     (Written  discussion  by  A.  Eilers.) 

The  following  papers  were  read  by  title  only: 

The  Application  of  the  Apex  Law  at  Wardner,  Idaho.     By  Fred  T.  Greene. 

Mine  Pumping.     By  Charles  Legrand. 

Mining  Conditions  on  the  Witwatersrand.     Bv  W.  L.  Honnold. 

Churn-Drilling  Costs,  Sacramento  HiU.     By  Arthur  Notman. 

The  Stresses  in  the  Mine  Roof.     By  R.  Dawson  Hall. 

Kick  vs.  Rittinger.     By  Arthur  0.  Gates.     (Written  discussion  by  Algernon  Del  Mar.) 

Rotary  Desulphurizing  Kilns.     By  S.  E.  Doak. 

Hardinge  Mill  Data.     By  Arthur  F.  Taggart. 

The  Safida  Smelter.     By  F.  D.  Weeks. 

Lead  Smelting  at  El  Paso.     Bv  H.  F.  Easter. 

The  Mellen  Rod-Casting  Machine.     By  R.  C.  Patterson,  Jr. 

Conveyor-Belt  Calculatmg  Chart.     By  J.  D.  Mooney  and  D.  L.  Darnell. 
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On  Friday  afternoon,  Sept.  17,  1915,  at  1  o'clock,  a  Session  on  Iron 
and  Steel  was  held  in  the  Red  Room  of  Bellevue  Hotel,  Joseph  W.  Rich- 
ards presiding. 

Trhe  following  papers  were  presented  by  their  authors  or  authors' 
representatives: 

Manufacture  and  Tests  of  Silica  Coke-oven  Brick.  By  Kenneth  Seaver.  (Dis- 
cussed by  William  A.  Williams,  J.  W.  Richards.) 

Iron  Ores  of  California  and  Possibilities  of  Smelting.  By  C.  Colcock  Jones.  (Dis- 
cussed by  D.  A.  Lyon,  J.  W.  Booth,  Bradley  Stoughton,  H.  W.  Lash,  J.  W. 
Richards.) 

The  Electric  Furnace  in  the  Foundry.  By  William  G.  Kranz.  (Written  discussion 
by  M.  Petinot.)     (Discussed  by  J:  W.  Booth,  J.  W.  Richards,  H.  W.  Lash.) 

Commercial  Production  of  Sound  Homogeneous  Steel  Ligots  and  Blooms.  By 
E.  Gathmann.     (Discussed  by  H.  W.  Lash,  J.  W.  Richards.) 

The  following  papers  were  read  by  title  only: 

Conversion  Scale  for  Centigrade  and  Fahrenheit  Temperatures.    By  Hugh  P.  Tieman. 

rpiscussed  by  J.  W.  Kichards.) 
The  Duplex  Process  of  Steel  Mani^acture  at  the  Maryland  Steel  Works.    By  F.  F. 

Lines. 
Suggestions  Regarding  the  Determination  of  the  Properties  of  Steel.    By  A.  N. 

Mitinskv.     (Written  discussion  by  H.  M.  Howe,  Mansfield  Merriman,  Gaetano 

Lanza,  Lawford  H.  Fry,  H.  V.  Wule,  James  E.  Howard,  George  K.  Burgess.) 


NAVAL  CONSULTING  BOARD 

The  first  meeting  of  the  Naval  Consulting  Board  was  held  at  the  office 
of  the  Secretary  of  the  Navy,  Washington,  D.  C,  on  Oct.  6,  1916.  The 
Board  organized  by  electing  Thomas  A.  Edison,  Chairman,  Peter  Cooper 
Hewitt,  First  Vice-Chairman,  William  L.  Saunders,  Second  Vice-Chair- 
man,  and  Thomas  Robins,  Secretary.  All  of  these  officers  are  members 
of  the  American  Institute  of  Mining  Engineers.  The  other  members  of 
the  Board  are  given  below,  and  those  who  are  members  of  the  Institute  are 
marked  with  an  asterisk: 

•W.  R.  WmTNBT  Matthbw  B.  Sellers. 

L.  H.  Baekeland.  Hudson  Maxim. 

Fbank  Jxtuan  Spbaqux.  Howard  T.  GorriN. 

Benjamin  C.  Lamme.  Andrew  J.  Hiker. 

R.  8.  Woodward.  Hbnrt  A.  Wise  Wood. 

Arthur  Gordon  Webster.  Elmer  A.  Sperrt. 

A.  M.  Hunt.  *Bbnjamin  B.  Thatsr. 

Alfred  Graven.  *J.  W.  Richards. 

*Spencer  Miller.  *Lawrbnce  Addicks. 

WiLUAM  Le  Rot  Emmett. 

At  this  first  meeting  an  address  was  made  by  the  Secretary  of  the  Navy 
Honorable  Josephus  Daniels,  in  which  he  outlined  the  needs  of  the  Navy 
Department,  mentioning  especially  a  better  type  of  motor  for  submarines 
and  airships.  Secretary  Daniels  said  that  the  chief  manner  in  which  the 
Naval  Consulting  Board  could  be  of  service  to  the  Navy  Department  was 
to  form  a  clearing  house  for  ideas  and  suggestions;  to  give  expert  advice  in 
big  problems  with  which  the  navy  is  confronted;  to  initiate  suggestions 
which  will  add  to  the  efficiency  of  the  navy;  and  to  suggest  ways  in  which 
its  expert  knowledge  may  be  employed.  The  Secretary  of  the  Navy  also 
asked  the  Board  to  decide  whether  or  not  Congress  should  be  requested 
to  appropriate  a  sufficient  sum  of  money  to  provide  a  laboratory  for  re- 
search and  experiment.    To  this  request  the  Board  promptly  responded 
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by  recommending  a  plan  to  establish  a  research  laboratory  to  cost  eventu- 
ally $5,000,000,  in  which  actual  tests  may  be  made  of  all  seemingly  meri> 
torious  naval  inventions.  The  secretary  of  the  Navy  responded  that  he 
would  at  once  ask  Congress  for  an  appropriation  of  $1,000,000  to  begin 
this  work.  Following  the  meeting  at  the  Navy  Department  the  members 
of  the  Consulting  Board  were  addressed  at  the  White  House  by  the  Presi- 
dent of  the  United  States,  who  congratulated  them  upon  beginniiig  their 
work  and  announced  himself  in  favor  of  adequate  preparedness  on  the  part 
of  the  United  States. 

The  Board  then  proceeded  on  the  presidential  yacht,  Mayflower,  to 
the  Indian  Head  gun-proving  grounds,  where  various  tests  were  exhibited 
and  explained  to  the  Board. 

The  meeting  on  Oct.  6, 1915,  was  protracted  until  nearly  midnight  in  a 
discussion  of  various  matters  before  the  Board. 

The  second  meeting  of  the  Board  was  held  in  New  York  on  Nov.  4, 
1915.  In  the  absence  of  Mr.  Edison,  W.  L.  Saunders  presided.  In 
accordance  with  the  policy  that  had  been  determined  upon  at  the  first 
meeting,  the  Board  divided  itself  into  the  following  committees  for  the 
better  carrying  out  of  the  work: 

Chemistry  and  Physics, — ^Lawrence  Addicks,  L.  H.  Baekeland^  Joseph  W.  Richards, 
M.  B.  Sellers,  A.  G.  Webster,  R.  S.  Woodward,  and  W.  R.  Whitney,  Chairman, 

AeronatUics  (including  Aero  Motors), — Howard  E.  Coffin.  P.  C.  Hewitt,  Andrew 
L.  Riker,  M.  B.  Sellers,  E.  A.  Sperry,  A.  G.  Webster,  ana  Henry  A  Wise  Wood, 
Chairman, 

Internal  ComhiLstion  Motors. — Howard  E.  Coffin,  M.  B.  Sellers,  E.  A.  Sperry,  and 
Andrew  L.  Riker,  Chairman, 

Electricity. — ^Lawrence  Addicks,  William  Le  Roy  Emmet,  P.  C.  Hewitt,  B.  G. 
Lamme,  A.  G.  Webster,  and  Frank  J.  Sprague.  Chairman. 

Mines  and  Torpedoes, — L.  H.  Baekeland,  M.  R.  Hutchinson,  Hudson  Maxim,  and 
Elmer  A.  Sperry,  Chairman, 

Sutymarvnes, — A.  M.  Hunt,  M.  R.  Hutchinson,  W.  L.  Saunders,  Frank  J.  Sprague, 
and  William  Le  Roy  Emmet,  Chairman. 

Ordnance  and  Explosives, — ^L.  H.  Baekeland,  A.  M.  Hunt,  M.  R.  Hutchinson, 
Frank  J.  Spraffue,  A.  G.  Webster,  W.  R.  Whitney,  Henry  A.  Wise  Wood,  R.  S.  Wood- 
ward, and  Hudson  Maxim,  Chairman. 

Wireless  and  Communications. — A.  G.  Webster,  W.  R.  Whitney,  and  P.  C.  Hewitt, 
Chairman. 

Transportation. — Howard  E.  Coffin,  Alfred  Craven,  Spencer  Miller^  A.  L.  Riker, 
Thomas  Robins,  W.  L.  Saunders,  Henry  A.  Wise  Wood,  and  Benjamm  B.  Thayer, 
Chairman. 

Production^  Organizationj  Manufacture,  and  Standardization, — ^Lawrence  Addicks, 
William  Le  Rov  Emmet,  B.  G.  Lamme,  Thomas  Robins,  W.  L.  Saunders,  Benjamin 
B.  Thayer,  ana  Howard  E.  Coffin,  Chairman, 

Ship  Construction. — Spencer  Miller,  Joseph  W.  Richards,  Henry  A.  Wise  Wood, 
and  Frank  J.  Sprague,  Chairman. 

Steam  Engineering  and  Ship  Propulsion. — William  Le  Roy  Emmet,  B.  G.  Lamme, 
Joseph  W.  Richards,  M.  B.  Sellers,  and  Andrew  M.  Hunt,  GhairmAn. 

Life-Saving  Apparatus, — Hudson  Maxim,  Thomas  Robins,  and  Spencer  Miller, 
Chairman. 

Aids  to  Navigation. — Alfred  Craven,  A.  M.  Hunt,  Henry  A.  Wise  Wood,  D.  S 
Woodward,  and  Mmer  A.  Sperry,  Chairman. 

Food  and  Sanitation. — Hudson  Maxim,  Benjamin  B.  Thayer,  W.  R,  Whitney, 
R.  S.  Woodward,  and  L.  H.  Baekeland,  Chairman.  , 

Public  Works f  YardSj  and  Docks. — Lawrence  Addicks,  A.  M.  Hunt,  Spencer  Miller, 
Joseph  W.  Richards,  and  Alfred  Craven,  Chairman. 


Remember  the  New  York  Meeting,  Feb|  14  to  17,  ig\  6. 
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THE  ENGINEERING  FOTTNDATION 

The  members  of  the  Institute  will  recall  the  account  given  in  the 
March  BuUetin  of  the  inauguration  exercises  of  the  Engineering  Founda- 
tion which  was  inhibited  by  an  initial  ^t  of  $200,000  by  Mr.  Ambrose 
Swasey,  to  be  administered  by  the  United  Engineering  Society  as  trustees. 

The  Engineering  Foundation  Board  is  now  constituted  as  follows: 

Gang  Dunn,  Chairman, 
Edward  D.  Adams,  Vice-chairman 
Fbederick  R.  Hutton,  Secretary, 
Joseph  Struthbbs,  Treasitrer, 

American  Society  of  Civil  Engineers, 
J.  Waldo  Smith, 
Charles  Warren  Hunt. 

American  Society  of  Mechanical  Engineers. 
Jesse  M.  Smith, 
Alex.  C.  Humphreys. 

Amerjican  InsHttUe  of  Electrical  Engineers, 

M.  I.  PUPIN, 

Charles  E.  Scribner. 

American  InstittUe  of  Mining  Engineers, 
Albert  R.  Ledoxtx, 
Benjamin  B.  Thater. 

Members  at  Large, 
Edward  Dean  Adams, 
Howard  Elliott. 

The  organization  meeting  was  held  in  the  early  summer  and  plans 
made  for  carrying  out  the  work  of  the  Board.  Another  meeting  is 
planned  for  the  early  future  and,  as  soon  as  material  is  ready  for  pubUca- 
tion,  notice  will  be  made  in  this  Bidletin, 


INTERNATIONAL  ENGINEERING  CONGRESS 

The  papers  presented  at  the  International  Congress,  held  in  San 
Francisco,  Cal.,  Sept.  20  to  25,  1915,  are  published  in  11  volumes  of 
Transactions,  In  addition,  an  index  volume  is  published,  containing 
besides  the  author  and  title  index,  a  report  of  the  business  meetings  of 
the  Congress,  and  a  brief  digest  of  each  paper  presented. 

The  following  is  a  schedule  of  the  volumes: 

Index  and  Digest. — General  proceedings,  indexes  and  digests. 

Vol.  I.  Panama  Canal. 

II.  Waterways  and  Irrigation. 

III.  Municipal  Engineering. 

IV.  Railway  Engineering. 

V.  Materials  of  Engineering  Construction. 
VI.  Mechanical  Engineering. 

VII.  Electrical  Engineering  and  Hydro-electric  Power  Develop- 
ment. 
VIII.  Mining  Engineering. 
IX..  Metallurgy. 

X.  Naval  Architecture  and  Marine  Engineering. 
XI.  Miscellaneous.    Aeronautics;     Refrigeration;     Agricultural 
Engineering;  Engineering  Education;  Heating  and  Ventila- 
tion. 

Remember  the  New  York  Meeting,  Feb.  14  to  17,  Z9i6, 
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The  complete  list  of  contents  of  Vols.  VIII  and  IX,  which  are  of 
particular  interest  to  the  members  of  the  American  Institute  of  Mining 
Engineers,  is  given  below. 

Volume  VIII 
Mining  Engineering 

Economic  and  Social  Influence  of  Mining.    W.  H.  Shockley,  Palo  Alto,  Gal. 

Valuation  of  Metal  Mines  and  Prospects.    T.  A.  Rickard,  8an  Francisco,  CaL 

The  Valuation  of  Oil  Lands  and  Properties.     M.  E.  Lombardi,  San  Franciaoo,  CaL 

Valuation  of  Anthracite  Mines.    R.  V.  Norris,  Wilkes-Barre,  Pa. 

Valuation  of  Goal  Lands.    Samuel  A.  Taylor.  Pittsburgh.  Pa. 

Evaluating  Coal  Properties  in  Western  Canada.    R.  W.  Coulthard,  Calgary,  Alberta, 

Canada. 
Status  of  Coal  Mines  in  France.    E.  Gruner,  Comity  des  Charbonnages,  Pam, 

France. 
Workmen's  Compensation  and  Mine  Safety.    W.  H.  Wilson,  Pittsbuigh,  Pa. 
Functions  and  Work  of  Exploration  and  Development  Companies.    H.  W.  Turner, 

San  Francisco,  Cal. 
The  Financing  of  Mines  in  the  United  States.    Luicus  W^  Mayer,  New  York,  N.  Y. 
European  Mining  Finance.    J.  L.  Gallard,  London,  England. 
Organization  and  Staff  of  Mining  Companies.    W.  H.  Snockley,  Palo  Alto,  Cal.  and 

R.  E.  Cranston,  San  Francisco,  Ccu. 
Relation  of  Governments  to  Mining.    Horace  V.  Wmchell,  Minneajmlis,  Minn. 
Mine  Inspection.    J.  W.  Paul,  Pittsburgh,  Pa. 

Volume  IX 
Metallurgy 

Symposium  on  Iron  and  Steel.    Henry  M.  Howe,  Bedford  EQlls,  N.  Y. 

Iron  and  Steel  Castings.    John  Howe  Hall,  High  Bridge,  N.  J. 

The  Duplex  Process  ofSteel  Manufacture.    F.  F.  Lmes,  Sparrows  Point,  Md. 

Steel  Making  in  the  Electric  Furnace.    James  H.  Gray.  New  York.  N.  Y. 

Methods  of  Preventing  Piping  in  Steel  Ingots.    Emil  Grathmann,  Baltimore,  Md. 

Steel  Alloys.     George  L.  Norris,  Pittsburgn,  Pa. 

Case  Hardening  of  Steel.    Prof.  F.  Giolitti,  Turin,  Italy. 

Metallo^phy  and  the.  Hardening  of  Steel.    Albert  Sauveur,  Cambridge,  Mass. 

Symposium  on  Copper.    E.  P.  Mathewson,  Anaconda,  Mont. 

Progress  in  Copper  Metallurgy.    Iliomas  T.  Read,  Sail  Francisco,  Cal. 

Metallurry  of  Copper  in  Japan.    R.  Kondo,  Tokyo.  Japan. 

Copper  Metallurgy  of  the  Southwest.    James  Douglas,  New  York,  N.  Y. 

Advances  made  in  the  Metallurgy  of  Copper,  Globe  District,  Arizona.    L.  O.  Howanl, 

Globe,  Ariz. 
Advances  m  Copper  Smelting.    Frederick  Laist,  Anaconda,  Mont. 
Improvements  m  Design  and  Construction  of  Modem  Copper  Plants.    Charles  H. 

Repath,  Los  Angefes,  Cal. 
Reduction  Works.    Copper  Queen  Consolidated  Mining  Company,  Douglas,  Arizona. 

Forest  Rutherford,  Douglas,  Ariz. 
The  Development  of  Electrolytic  Copper  Refining.    Lawrence  Addicks,  New  Yoit, 

N.  Y. 
Electrolytic  Refined  Copper.    A.  C.  Clark,  Raritan  Copper  Works,  Perth  Amboy, 

Leaching  Copper  Ores.    W.  L.  Austin,  Riverside,  Cal.  . 

Physicu  Properties  of  Copper.     Carle  R.  Hayward,  Boston,  Mass. 

Boronized  Cast  Copper.    E.  Weintraub,  West  Lynn,  Mass. 

The  Metallography  of  Copper.    William  Campbell,  New  York,  N.  Y. 

Symposium  on  Gold  and  Silver.    C.  W.  MerruL  San  Francisco.  Cal. 

Coarse  Crushing  Plant;  1,000  tons  Capacity.     G.  O.  Bradley,  San  Francisco,  CaL 

Crushing  and  Grinding.    L.  D.  Mills,  and  M.  H.  Kuryla,  San  Francisco,  Cal. 

Solution  of  Gold  and  Silver.    M.  H.  ICuryla,  San  Francisco,  Cal. 

Filtration  or  Separation  of  Metal  Bearing  Solution  from  Slime  Residue.    L.  D.  Milk 

San  Francisco,  Cal. 
Precipitation.     G.  H.  Clevenger,  University,  Cal. 
The  Smelting  and  Refining  of  Lead.     H.  O.  Hofman,  Boston,  Mass. 
Sympoaimn  QU  the  MetaUurg;y  of  Zinc.    Walter  Renton  Ligalls,  New  York,  N.  Y. 
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Some  Main  Points  in  the  Economics  of  the  Metallurgy  of  Zinc.     Walter  Renton 

Ingalls,  New  York.  N.  Y. 
The  Development  of  Zinc  Smelting  in  the  United  States.    George  C.  Stone,  New 

York,  N.  Y. 
Ore  Dressing.    Robert  H.  Richards,  Boston,  Mass. 
Electro-Metallurgy.    E.  F.  Roeber.  New  York,  N.  Y. 
MetalloKranhy  and  Technology  of  Non-Ferrous  AlloyB.    William  Caippbell,  New 

Symposium  on  the  TJtilization  of  Fuels  in  Metallurgy.     C.  H.  Fulton,  Cleveland.  Ohio. 
Pulverized  Coal  in  Reverberatory  Furnaces.     D.  H.  Browne,  New  York,  N.  Y . 
Burning  Pulverized  Coal  in  Copper  Reverberatories.    E.  P.  Mathewson,  Anaconda, 

Mont. 
Gas  Producer  Development.    Z.  C.  Kline,  Central  Falls,  R.  I. 
Surface  Combustion  (What  is  it?).    C.  E.  Lucke,  New  York,  N.  Y. 

A  Fee  of  $5  entitles  to  Index  Volume  and  any  one  other  Volume  of 
the  Transactions. 

Extra  volumes  of  the  Transactions  may  be  obtained  by  subscribers  for 
the  following  prices,  which  include  delivery  to  any  point  in  the  Postal 
Union: 

Number  of  Extra 
VolameB 

1 
2 
3 
4 
5 
6 
7 
8 
9 

The  purchase  of  nine  extra  volumes,  in  addition  to  the  Index  and  the 
volume  obtained  through  the  subscription  fee,  secures  a  full  set  of  the 
Congress  publications  for  $27 .50  for  paper  binding  or  $30  for  cloth.  These 
prices  do  not  apply  to  duplicate  copies  of  any  one  volume.  Special  prices 
will  be  quoted  for  the  sale  of  several  copies  of  any  one  volimie. 

The  subscription  list  will  be  kept  open  until  the  latter  part  of  Decem- 
ber, 1915.  All  correspondence  in  regard  to  subscriptions  and  extra 
volumes  should  be  addressed  to  the  International  Engineering  Congress, 
Foxcroft  Building,  San  Francisco,  Cal. 


Bound  in  Paper 

Bound  in  Cloth 

$3.60 

W.76 

6.75 

7.26 

9.76 

10.60 

12.60 

13.60 

16.00 

16.26 

17.26 

18.76 

19.26 

21.00 

21.00 

23.00 

22.60 

26.00 

SECOND  PAN-AMERICAN  SCIENTIFIC  CONGRESS 

The  Second  Pan-American  Scientific  Congress  will  be  held  under  the 
auspices  of  the  United  States  Government  in  Washington,  D.  C,  Dec.  27, 
1916,  to  Jan.  8, 1916.  The  organization  officers  are  John  Barrett,  LL.  D., 
Director  General  of  the  Pan-American  Union,  Secretary  General;  Glen 
Levin  Swiggett,  Ph.  D.,  Assistant  Secretary  General;  the  headquarters 
of  the  Congress  are  the  Pan-American  Union,  Washington,  D.  C.  The 
program  of  the  Congress  is  divided  into  nine  main  Sections,  which  are 
given  below  with  the  name  of  th^Chairman  of  each  Section: 

1.  Anthropology,  William  H.  Holmes,  B.  S.,  Smithsonian  Institution,  Washington. 

2.  Astronomy,  JNleteorology,  and  Seismology,  Robert  S.  Woodward,  Ph.  D.,  Carnegie 

Institution,  Washington,  D.  C. 

3.  Conservation  of  National  Resources,  Agriculture,  Irrigation  and  Forestry,  George 

M.  Rommel,  B.  S.,  Bureau  of  Aiiimal  Industry,  Department  of  Agriculture, 
Washington,  D.  C. 

4.  Education,  P.  P.  Claxton,  JSL,  D.,  Bureau  of  Education,  Washington,  D.  C. 
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5.  Engineering,  W.  H.  Bixb^,  Brig.  General  U.  S.  A.,  B«tired,  Washington,  D.  C. 

6.  International  Law,  Public  Law,  and  Jurisprudence,  James  Brown  Scott,  A.  M., 

J.  U.  D^  LL.   D.,   Carnegie  Endowment  for  International  Peace,   Washing- 
ton, D.  C. 

7.  Mining  and  Metallurg^r,  Economic  Geology,  and  Applied  Chemistry,  Henne^i 

Jennmgs,  C.  E.,  Washington,  D.  C. 

8.  Public  Health  and  Medical  Science,  Wm.  C.  Gorgas,  M.  D.,  So.  D.,  Surgeon 

General  U.  S.  A.,  Washington,  D.  (J. 

9.  Transportation,  Commerce,  Finance,  and  Taxation,  L.  S.  Rowe.  Ph.  D.,  President 

American  Academy  of  Political  and  Social  Science,  Philadelpnia,  Pa. 

• 

Each  Section  is  further  divided  into  Sub-Sections,  of  which  there  are 
45  in  all,  each  one  having  a  special  committee  and  program.  There  will 
be  general  sessions  of  the  Congress  as  a  whole,  and  also  sessions  of  each  of 
the  Sub-Sections,  as  well  as  certain  joint  sessions  in  which  two  or  more 
Sub-Sections  will  meet  together.  There  will  also  be  joint  sessions  be- 
tween certain  Sections  and  Sub-Sections  of  the  Congress  with  National 
Associations  meeting  in  Washington  at  the  time  of  the  Congress. 

The  following  persons  will  be  members  of  the  Congress: 

The  official  delegates  of  the  countries  represented. 

The  representatives  of  the  universities,  institutes,  societies,  and  scientific  bodies  of 

the  countries  represented. 
Such  persons  in  the  countries  participating  in  the  Congress  as  may  be  invited  by  the 

Executive  Committee,  with  the  approval  of  the  countries  represented. 
All  writers  of  papers. 

All  members  of  the  Congress  shall  be  entitled  to  attend  its  sessions, 
to  take  part  in  the  debates  and  to  receive  a  copy  of  such  publications  as 
the  Executive  Committee  may  issue.  There  will  be  no  membership  fee 
of  any  character. 

Up  to  the  present  time  twenty  countries  in  North  and  South  America 
have  joined  in  the  Congress  and  appointed  delegates  to  attend.  The 
members  of  this  Institute  are  naturally  most  interested  in  the  Section 
on  Mining,  Metallurgy,  Economic  Geology  and  Applied  Chemistry,  and 
the  officers  and  members  of  these  Committees  are  as  follows: 

Van.  H.  Manning,  Director  of  the  U.  S.  Bureau  of  Mines,  Washington,  D.  C,  Chair- 

man. 
J.  F.  Callbreath,  Secretary  of  the  American  Mining  Congress,  Washington,  D.  C. 
C.  H.  Lindley,  Lawyer,  Authority  on  Mining  Law,  San  Francisco,  Cal. 

E.  W.  Parker,  Statistician,  Mineral  Resources  of  the  United  States,  U.  S.  Geological 

Survey],  Washington,  D.  C. 
H.  C.  Perkins,  Mining  Engineer,  Washington,  D.  C. 

G.  S.  Rice,  Chief  Mining  Engineer  of  the  U.  S.  Bureau  of  Mines,  Pittsburg,  Pa. 
W.  L.  Saunders,  Engineer,  President  of  the  American  Institute  of  Mining  Eaogineeis, 

New  York,  N.  Y. 
B.  B.  Thayer,  Past  President  of  the  Americah  Institute  of  Mining  Engineers,  New 

York,  N.  Y. 

Metallurgy 

W.  R.  Ingalls,  President  of  the  Mining  and  Metallurgical  Society  of  America,  and 
Editor  of  the  Engineering  and  Mining  Journal,  New  York,  N.  Y.,  Ch4nrman, 

F.  G.  Cottrell,  Chief  Chemist  of  the  U.  S.  Bureau  of  Mines,  San  Francisco,  Cal. 

R.  H.  Richards,  Professor  Emeritus  of  Mining  Engineerine^and  Metallurgy,  Massa- 
chusetts Institute  of  Technology,  Boston,  Mass.,  former  President  of  the  Ameriean 
Institute  of  Mining  Engineers. 

Bradley  Stoughton,  Metallurgical  Engineer,  Secretary  of  the  American  Institute  of 
Mining  Engineers,  New  York,  N.  Y. 

L.  D.  Rickette,  Mining  and  Metallurgical  Engineer,  New  York,  N.  Y. 
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Karl  Eilers.  Metallurgical  Engineer,  New  York,  N.  Y. 

W.  R,  Walker,  Metallurgist,  New  York,  N.  Y. 

G.  H.  Clevenger,  Professor  of  Metallurgy,  Stanford  University,  Cal. 

Economic  Geology 

George  Otis  Smith,  Director  of  the  U.  S.  Geological  Survey,  Washing^n,  D.  C,  Chair- 
man, 

J.  C.  Branner,  President  of  Stanford  Universitjr,  Stanford  University,  Cal.;  former 
President  of  the  Geological  Society  of  America. 

J.  F.  Kemp,  Professor  of  Geology,  Columbia  University,  New  York,  N.  Y.,  former 
President  of  the  American  Cstitute  of  Mining  Engmeers. 

Waldemar  Lindgren,  Professor  of  Economic  Geology,  Massachusetts  Institute  of 
Technology,  Boston,  Mass. 

C.  R.  Van  Biaej  President  of  the  University  of  Wisconsin,  Madison,  Wis.,  former 
President  oi  the  Geological  Society  of  America. 

David  White,  Chief  Geologist  of  the  U.  S.  Geological  Survey,  Washington,  D.  C. 

I.  C.  White,  State  Geologist  of  West  Virginia,  Morgantown,  W.  Va.,  formerly  Chief 
of  the  Brazilian  Coal  Commission. 

Bailey  Willis,  Consulting  Geologist  to  Argentine  Government;  Geologist,  U.  S.  Geo- 
logical Survey,  Washington,  D.  C. 

Applied  Chemistry 

Charles  E.  Monroe,  Authority  on  Explosives;  Dean  of  Graduate  Studies,   George 

Washington  University,  Washington,  D.  C;  former  President  of  the  American 

Chemical  Societjr,  Chairman. 
Carl  L.  Alsberg,  Chief  of  the  Bureau  of  Chemistry,  Department  of  Agriculture, 

Washington,  D.  C. 
C.  H.  Herty,  President  of  the  American  Chemical  Society,  Chapel  Hill,  N.  C. 
B.  C  Hesse,  Chemist.  New  York,  N.  Y. 
W.  F.  Hillebrand,  Cnief  Chemist  of  the  U.  S.  Bureau  of  Standards,  Washington, 

D.  C,  former  President  of  the  American  Chemical  Societv. 
F.  A.  Lidbury.  Electrochemist;  President  of  the  American  Electrochemical  Society, 

Niagara  FaUs,  N.  Y. 
P.  C.  McDhiney,  Chemist,  Chairman  of  the  New  York  Section,  Society  of  Chemical 

Industry,  New  York,  N.  Y. 
Harvev  W.  Wiley,  Chemist;  former  President  of  the  American  Chemical  Society, 

Washington,  D,  C. 

The  program  of  the  session  on  Mining  and  Metallurgy  will  include 
a  discussion  of  the  following  subjects: 

I.  Mining  laws  and  relations,  and  accident  statistics. 

(a)  Codification  of  mining  laws,  with  the  purpose  of  assembling:  (1)  the  mining 
statutes  of  each  country  with  amendments  to  date;  (2)  State  laws  ana 
regulations;  and  (3)  the  legal  interpretation  of  these  laws,  including  both 
legal  definitions  of  mining  terms  and  the  court  decisions  defining  the  scope 
of  applicability  of  particular  statutes. 

(5)  Methods  of  determining  fatality  rates  in  mining  and  other  mineral  industries, 
with  reference  to  the  adoption  of  imiform  methods. 

(c)  Methods  of  classifying  mining  and  other  industrial  accidents  with  a  view  to  the 
adoption  of  imiform  methods. 

II.  Methods  of  mining  and  treating  minerals,  with  reference  to  increased  economy 
and  efficiency  and  greater  safety. 

(a)  MeUu  mining  (surface  and  underground) — 

1.  Platinum,  gold,  silver,  and  other  noble  metal  ores. 

2.  Copper,  tin,  lead,  and  zinc  ores. 

3.  Iron  and  manganese  ores. 

4.  Ores  of  vanadium  and  other  rare  metals. 

(5)   Non-metal  miniug  (surface  and  underground),  including  oil,  gas,  and  salt  wells. 

1.  Fuels. 

a.  Coal,  lignite,  peat. 
6.  Oil  and  natural  gas. 

2.  Asphalt  and  other  hydrocarbons  not  used  as  fuel. 

3.  Sodium  chloride,  sodium  nitrate,  phosphates. 

4.  Building  stones,  clays,  cement  materials. 

5.  Precious  stones. 

6.  Other  minerals. 
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III.  Mining  coets. 

(a)  Costs  of  acquiring  title  to  mineral  lands  or  holding  mineral  leases;  royalties; 

taxes. 
(&)  Costs  of  mining,  underground  and  surface,  with  reference  to  labor  suppljr  and 

greater  use  of  water  power,  steam,  electricity,  and  labor-saving  machmery. 

(c)  Costs  of  ore  dressing,  with  reference  to  labor  supply  and  increased  use  of 

laborHsaving  devices. 

(d)  Transportation  costs,  with  reference  to  present  methods  of  transportation  and 

the  lowering  of  cost  to  be  effected  by  better  roads,  and  greateru  se  of  aerial 
conveyors  and  steam  or  electric  raikoads. 

IV.  Statistics  of  cost  data  on  the  use  of  electricity  in  mining,  including  also  dis- 
cussion on  the  development  of  water  power  especiidly  for  this  purpose. 

V.  Hydro-metallurgy. 

(a)  Ijreatment  of  the  precious  metals,  including  especially  recent  developments  in 
the  cyanide  process.    - 

(&)  E^ctraction  of  copper  from  its  ores.  (So  great  developments  have  recently 
taken  place  in  this  phase  of  metallurgy  tluit  we  may  say  that  the  whole  ec^ 
per  industry  seems  to  be  on  the  verge  of  a  great  revolution.) 

(c)  Extraction  of  zinc  and  other  metals  by  wet  methods. 

id)  The  cost  of  hydro-metallurgical  processes  as  compared  with  smelting  processes, 

VI.  Electro-metallurgv. 

(a)  The  electrolysis  of  copper,  lead,  nickel,  and  other  metals. 
(6)  Electric  smelting  of  ores  of  iron,  copper,  nickel,  and  zinc, 
(c)  Electric  refining  of  steel. 
id)  The  use  of  electric  melting  in  steel,  iron,  and  brass  foundries. 

(e)  The  cost  of  electric  processes  as  compared  with  fuel  processes  imder  conditicHU 

of  costly  fuel. 

VII.  Fuels. 

(a)  The  preparation  of  pulverized  solid  fuels  of  good  grade  from  inferior  and  dirty 
coal,  lignite,  etc. 

(&)  The  use  ofpul  verized  solid  fuel  in  reverberatory  furnaces  for  melting^  smelting, 
annesding,  etc.,  including  its  use  in  the  copper,  iron,  steel,  and  zinc  mdustiies. 

(c)  The  use  of  oil  in  reverberatory  furnaces,  with  and  without  preheated  air,  for 
melting,  smelting,  annealing,  etc.,  including  its  use  in  the  iron,  steel,  copper, 
and  zinc  industries. 

fd)  The  use  of  oil  and  pulverized  solid  fuel  in  special  types  of  furnace. 

[e)  The  cost  of  using  oil  and  pulverized  fuels  as  compared  with  coal  and  manu- 
factured gas. 

The  program  of  the  session  on  Economic  Geology  and  Mineral  Re- 
sources of  the  different  countries  will  consist  of  reports  and  papeis 
descriptive  of  the  mineral  deposits,  both  developed  and  undevdoped, 
in  the  different  countries. 

The  conduct  of  the  Congress  is  entirely  under  the  control  of  the 
Department  of  State  of  the  United  States  and  the  Executive  Committee 
consists  of  the  following  persons: 

WiLUAM  Phillips,  A.  B.,  Third  Assistant  Secretary  of  State,  Chairman  ex  qfido. 

James  Brown  Scott,  J.  U.  D.,  Secretary,  Carnegie  Endowment  for  International 
Peace,  Vice-Chairman, 

William  H.  Welch,  M.  D.,  LL.  D.,  President,  National  Academy  of  Sciences, 
Honorary  Vice-Chairman, 

John  Barrett,  LL.  D.,  Director  General,  Pan-American  Union. 

W.  H.  BiXBT,  Brigadier  General,  U.  S.  A.,  Retired. 

Philander  P.  Claxton,  IL.  D.,  Commissioner  of  Education. 

William  C.  Goroas,  M.  D.,  Sc.  D^  Surgeon  General^  U.  S.  A. 

William  H.  Holmes,  B.  S.,  Head  Curator,  Smithsonian  Institution. 

Hbnnbn  Jennings,  C.  £.,  former  President,  London  Institution  Mining  and 
Metallurgy. 

George  M.  Rommel,  B.  S.,  Chief,  Animal  Husbandry  Division,  Bureau  of  Animal 
Industry,  Department  of  Agriculture. 
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L.  S.  R 
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OWE,  Ph.  D.,  President  American  Academy  of  Political  and  Social  Science. 
p  S.  Woodward,  Ph.  D.,  President,  Carnegie  Institution  of  Washing:toin. 
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PERSONAL 

,  (Members  are  urged  to  send  in  for  this  column  any  notes 

of  interest  concerning  themselves  or  their  fellow-members.) 

Members  and  guests  who  registered  at  Institute  headquarters  during 
the  period  Oct.  to  Nov.  10,  1915: 

Lester  S.  Thompson,  New  York,  N.  Y.       Arthur  L.  Sweetser,  Boston,  Mass. 
William  Reed,  m  Oro,  Mexico.  Dorsey  A.  Lyon,  Salt  Lake  City,  Utah 

Heinrich  Ries,  Ithaca,  N.  Y. 

D.  W.  Blaylock  has  resigned  his  position  with  the  St.  Joseph  Lead  Co., 
Bonne  Terre,  Mo.,  and  has  accepted  the  position  of  division  engineer  for 
the  Big  Creek  Coal  Co.,  of  Chicago,  at  Harrisburg,  111. 

R.  B.  Lamb  announces  the  removal  of  his  office  to  Room  1809,  43 
Exchange  Place,  New  York,  N.  Y. 

C.  C.  Sanders  has  taken  a  bond  and  lease  on  the  Red  Mountain  group 
of  34  mining  claims  (copper),  Patagonia,  Ariz.,  and  has  conunenced  ex- 
tensive development. 

Charles  E.  Addams,  formerly  superintendent  of  the  Ray  Consolidated 
Copper  Co.,  has  been  appointed  manager  of  the  Ray  Hercules  Co. 

Dr.  Bailey  Willis  has  been  appointed  head  of  the  Department  of  Geol- 
ogy and  Mining  of  Stanford  University,  succeeding  Dr.  John  C.  Branner, 

James  C.  Roberts,  recently  connected  with  the  Bureau  of  Mines,  has 
been  appointed  Professor  of  Saiety  and  Efficiency  Engineering  of  the  Colo- 
rado School  of  Mines,  which  department  was  established  by  the  trustees 
as  a  memorial  to  the  late  Dr.  Joseph  Austin  Holmes. 

Ambrose  N.  Diehl  has  been  appointed  assistant  general  superintend- 
ent of  the  Duquesne  steel  works  of  the  Carnegie  Steel  Co. 

Homer  L.  Carr  has  accepted  the  position  of  instructor  in  mining  at  the 
School  of  Mines,  Columbia  University,  New  York,  N.  Y. 

William  D.  Burcham  has  resigned  his  position  as  mill  superintendent 
of  the  Presidio  Mining  Co.,  Shafter,  Tex.,  to  open  up  some  mines  in  the 
Terlingua  quicksilver  district. 

Luciano  Selmi,  formerly  chief  chemist  of  the  Otis  Steel  Co.,  has 
accepted  a  position  with  the  River  Furnace  Co.,  Cleveland,  where  he  will 
have  charge  of  the  chemical  and  physical  laboraties  of  the  new  steel  plant. 

James  F.  McCarthy  has  been  appointed  manager  of  the  National 
Copper  Mining  Co.,  Mullan,  Idaho. 

Walter  M.  Dake,  Jr.,  has  accepted  the  position  of  mill  superintendent 
of  the  Aurora  Consolidated  Mines  Co.,  Aurora,  Nev. 

P.  K.  Lucke  has  been  made  consulting  mining  engineer  to  the  Cia. 
Minera  de  Penoles,  El  Paso,  Tex.,  and  the  Cia.  de  Minerales  y  Metales, 
Monterey,  Mexico. 

C.  6.  Schlereth  has  been  appointed  assistant  general  superintendent 
of  the  Cia.  Minera  de  Penoles,  Mapini,  Durango,  Mexico. 

Remember  the  New  York  Meeting,  Feb.  14  to  171 1916. 
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Robert  Marsh,  Jr.,  has  left  the  Braden  Copper  Co.  as  consulting  super- 
intendent of  mines,  and  has  been  appointed  general  superintendent  of 
mines  for  the  Nevada  Consolidated  Copper  Co.,  Ruth,  Nev. 

Alexander  Grosberg,  general  superintendent  of  mills  of  the  Patino  Tin 
Mines,  Uncia,  Bolivia  is  visiting  the  United  States,  his  address  being 
4870  Fountain  Ave.,  St.  Louis,  Mo. 

Gerald  6.  Dobbs,  formerly  chief  engineer  of  the  ore  mines  and  quarries 
in  the  southern  district  of  the  Republic  Iron  &  Steel  Co.,  has  been  ap- 
pointed superintendent  of  the  Raimund  mining  division  for  the  same 
company  at  Bessemer,  Ala. 

J.  D.  Mooney,  formerly  in  charge  of  the  bdting  sales  of  the  B.  F. 
Goodrich  Company,  Akron,  Ohio,  is  now  general  sales  manager  of  the 
Hyatt  Roller  Bearing  Company,  Newark,  N.  J. 

WUliam  J.  Wolf,  has  resigned  the  position  of  resident  manager  for  the 
Four  States  Coal  &  Coke  Co.,  Worthington,  W.  Va.,  to  become  superin- 
tendent of  the  CaroUna  and  Idanay  mines  of  the  Consolidation  Co^  Co., 
Fairmont,  W.  Va. 

Gilmore  Goodland.  There  is  held  at  this  office  considerable  mail 
matter  addressed  to  Mr.  Goodland  from  London,  England,  and  we  would 
be  pleased  to  get  in  touch  with  him  and  ascertain  what  to  do  with  this 
mail. 


POSITIONS  VACANT 

(Under  this  heading  i^ill  be  published  notes  sent  to  the 
Secretary  of  the  Institute  by  members  or  other  persons.) 

Assayer  and  chemist  with  experience  in  gold  and  silver  work  and  re- 
fining; used  to  handling  a  force  of  men.  Large  property  in  Northern 
Ontario.  Send  reference,  record  of  practice,  age,  married  or  single,  and 
salary  expected.    Apply  Position  54. 

Metallurgical  chemist  wanted,  competent  to  make  the  following 
analyses:  cupola  gray  iron;  air-furnace  iron;  pig  iron  of  various  kinds; 
coal;  coke;  sand  of  all  descriptions;  materials  used  in  modern  foimdry 
practice;  steel,  and  bronzes  of  all  kinds;  oils  for  fuel  in  Diesel  engines  and 
lubricating  purposes;  materials  used  in  a  modern  machine  shop,  in  fact, 
all  materials  likely  to  be  used  in  a  foundry,  machine  shop  and  forge  shop. 
No.  55. 


ENGINEERS  AVAILABLE 

(Under  this  heading  will  be  published  notes  sent  to  the  Secretaiy  of 
the  Institute  by  members  or  other  persons  introduced  by  members.) 

Member,  technical  graduate,  aged  36.  Experienced  copper  metal- 
lurgist and  mining  geologist.  Familiar  also,  through  15  years'  broad 
practical  experience,  with  mining,  cyanidation,  concentration  (including 
oil  flotation),  metallurgical  accounting,  and  mine  and  plant  management. 
Best  references.    No,  237. 
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Member,  graduate  engineer,  aged  44,  with  over  22  years'  experience 
in  connection  with  the  development  of  large  coal  and  coke  properties  in 
different  parts  of  the  country,  desires  position  as  general  manager  or 
general  superintendent  of  large  bituminous  coal  producing,  or  will  take 
an  interest  and  the  management  of  a  smaller  operation.     No.  258. 

Member,  aged  37,  nmrried,  15  years'  experience  as  superintendent 
and  general  superintendent  of  coal  and  coking  plants,  open  for  engage- 
ment. Capable,  a  hustler,  can  handle  labor  and  produce  satisfactory 
results  where  possible.  Closest  investigation  of  ability  invited.  No. 
264. 

Member,  technical  graduate,  B.  S.  and  E.  M.,  aged  32,  married,  nine 
years'  varied  experience  as  assayer,  millman,  metallurgist,  chemist  and 
testing  engineer  on  flotation.  Two  years'  teaching  in  West.  At  present 
in  private  work.  Open  for  engagement  after  Dec.  1,  1915.  Best  of 
references.    No.  265. 

Superintendent  and  engineer,  aged  38;  technical  graduate,  exacting 
school;  14  years'  experience  in  mining,  12  with  present  company,  a  large 
copper  producer  of  Southwest;  thorough  miner;  excellent  engineer  and 
geologist;  familiar  with  Southwestern  practice  in  milling  and  smelting; 
a  systematizer  and  can  organize  the  human  element  for  results;  of  un- 
questioned reputation  in  district;  seeks  new  connection  on  account  of 
shutdown;  exceptional  references.     No.  266. 

Member,  mine  or  mill  superintendent,  open  for  engagement;  12  years, 
experience  in  mining  and  ore  dressing;  experienced  in  mines  with  wide 
and  narrow  veins.  Up  to  date  in  cyaniding,  concentration,  flotation. 
Fluent  Spanish.     Highest  testimonials.     Moderate  salary.     No.  267. 

Member  open  for  engagenaent  as  coal  mine  safety  inspector;  24  years, 
experience  in  all  classes  and  kinds  of  mines.  Will  go  anywhere  in  United 
States  or  Canada.    No.  268. 

Experienced  superintendent  of  metal  mines  and  ^ills,  aged  43,  has 
specialized  in  cyaniding.  Employed  at  present,  desires  change.  Effi- 
cient organizer.  Wishes  to  locate  in  East  or  Southeast,  near  good  school 
facilities,  with  a  chance  to  acquire  interest  in  property  needing  better 
handling  to  make  a  success.  High  class  references  from  former  employ- 
ers.    No.  269. 

•  Member,  aged  29,  technical  education;  seven  years'  experience  in  all 
phases  of  practical  mine  operations.  Aerial  tram  construction  and  opera- 
tion. Safety  organization  work,  etc. ;  five  years  as  mine  superintendent. 
Available  Jan.  1, 1916,  as  assistant  to  consulting  engineer,  or  superintend- 
ent of  small  mine.     United  States  preferred.    No.  270. 

Member,  aged  32,  married,  college  graduate,  with  two  years'  railway 
experience  and  six  years'  developing  and  operating  large  coal  mining  prop- 
erties, desires  change.  At  present  chief  engineer  and  assistant  general 
superintendent  of  one  of  the  largest  producing  companies  of  the  Middle 
West.     No.  271. 
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MONTANA  LOCAL  SECTION 

Exscutive  Committee 

P.  M.  Smith,  Chairman 

J.  L.  Bbitcb,  Vice-Chairman 

D.  C.  Bard,  Secretary,  Box  267,  Butte,  Mont. 

Fredebick  Laist  W.  C.  Siderfin 

The  semi-annual  meeting  of  the  Montana  Section  was  held  at  the 
Silver  Bow  Block,  Butte,  Mont.,  on  Friday  evening,  Oct.  8,  1915.  An 
informal,  subscription  dinner,  at  $1.50  a  plate,  was  enjoyed  in  the  early 
evening,  by  62  members  and  guests. 

After  dinner  a  technical  session  was  held,  and  a  paper  entitled  Pre- 
liminary Outline  of  Paper  on  Mines  in  the  Boulder  Batholith  was  pre- 
sented by  J.  A.  Grimes,  who  is  joint  author  of  the  paper,  with  Paul  Billings- 
ley.  The  paper  elicited  a  lively  and  interesting  discussion,  in  which  a 
score  of  members  took  part. 

After  the  reading  of  the  paper  the  rest  of  the  evening  was  spent  sociaUy. 

D.  C.  Bard,  Secretary. 


AFFILUTED  STUDENT  SOCIETY  NOTES 

The  Mining  Engineering  Society  of  the  State  College  of  Washington, 
Pullman,  Wash.,  has  elected  the  following  officers  for  this  semester: 

F.  Mason,  President,  William  White,  Vice-PresiderU, 

L.  E.  Traboer,  Secretary  and  Treaeiarer, 

The  Society  holds  meetings  every  two  weeks  at  which  papers  on  mining 
and  metallurgical  topics  are  presented  by  students  and  members  of  the 
faculty.  At  the  meeting  of  Oct.  25,  Prof.  H.  R.  Robbins  gave  an  interesting 
talk  upon  the  Rankin  Process  for  the  treatment  of  base-metal  ores.  In 
this  process  the  metals  are  extracted  by  the  use  of  nitric  acid,  the  acid 
being  recovered  almost  entirely.  Prof.  Robbins  thinks  the  process  has 
great  possibilities,  but  it  has  not  yet  been  worked  on  a  commercial  scale. 

The  Missouri  Mining  Association,  the  student  organization  at  the 
Missouri  School  of  Mines,  Rolla,  Mo.^  has  elected  the  following  officers 
for  the  ensuing  year: 

L.  W.  EmiERS,  President,  H.  A.  Kluoe,  Trectsnrer,- 

J.  G.  Reillt,  Vice-President,  N.  E.  Hitter,  Secretary, 

Durward  Copeland  of  the  Missouri  School  of  Mines  has  given  a  series 
of  lectures  relative  to  his  trip  through  South  America,  and  Lewis  A. 
Delano  recently  gave  a  talk  on  Ore  Dressing  and  Flotation  at  Flat  River. 
Mo. 

The  Association  is  planning  to  have  at  least  one  lecture  a  month  by 
some  out-of-town  man,  and  several  talks  by  members  of  the  faculty  and 
students  who  have  been  in  practice. 

The  University  of  Illinois  Student  Branch  of  the  American  Institute 
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of  Mining  Engineers,  XJrbana,  111.;  has  elected  the  following  officers  for  the 
ensuing  year: 

H.  E.  Wjllson,  President.  R.  R.  Kraft,  2nd  Vxce-PresiderU^ 

N.  M.  Morris,  Ist  Vice-PreHderU,  M.  J.  Rbbd,  Secretary  and  Treasurer. 

The  Mining  Society  of  the  University  of  Washington,  Seattle,  Wash., 
has  elected  the  following  officers  for  the  ensuing  year: 

F.  8.  PoRTBR,  President,  H.  G.  Boulton,  Secretary, 
Jess  C.  Johnson,  Vice-President,  P.  G.  Dobson,  Treasurer, 

C.  F.  Bloog,  Corresponding  Secretary. 

The  School  of  Mines  Society  of  the  University  of  Minnesota  has  elected 
the  following  officers  for  the  year: 

Adolph  Dotre,  President,  Oscar  Lee,  Vice-President, 

Edwin  Sweetman,  Secretary  and  Treasurer, 

On  Sept.  27,  G.  J.  Young  gave  an  illustrated  talk  on  certain  of  the 
European  mining  districts  which  he  had  visited. 

On  Oct.  9,  the  annual  reception  for  the  freshmen  of  the  School  of 
Mines  was  held  imder  the  auspices  of  this  Society. 

The  Society  has  a  room  in  the  new  School  of  Mines  which  is  used  as  a 
general  rest  and  smoking  room  by  the  members. 

The  Chemical  Society  of  Tufts  College,  Medford,  Mass.,  has  elected 
the  following  officers  for  the  ensuing  year: 

Glatton  R.  Spencer,  President,  Arthur  Donnellan,  Trecisurer, 

Madeline  Bdcbt,  Vice-President,  Leo  T.  Murpht,  Secretary. 

Executive  Committee 
L.  N.  TowNB,  G.  R.  Spencer,  D.  Dempset. 

The  Mining  Society  of  Pennsylvania  State  College,  State  College,  Pa., 
has  elected  the  following  officers  for  the  fall  term: 

G.  G.  Faust,  President,  R.  G.  Botles,  Treasurer, 
G.  F.  Feledt,  Vice-President,  M.  E.  Goetz,  Secretary. 

ExeciUive  Council 

J.  G.  HuR,  R.  G.  Harper,  J.  J.  Sutton, 

G.  M.  Nevin,  R.  W.  Mjller,  Dr.  E.  S.  Moore. 

« 

During  the  last  year  the  Society  was  addressed  by  J.  H.  Lewis,  Pitts- 
burgh, on  The  Coal  Fields  of  British  Columbia;  C.  A.  Starr,  Shamokin, 
Fighting  Mine  Fires;  J.  E.  Johnson,  Jr.,  New  York,  Power  Plants  for  the 
Iron  and  Steel  Industry;  and  A.  G.  McKee,  Cleveland,  Blast-Furnace 
Construction. 

It  is  hoped  to  stimulate  discussion  at  the  meetings  this  season  by  hav- 
ing the  students  present  papers  on  topics  of  interest,  thereby  also 
affording  them  opportunity  for  correct  expression  and  promoting  a  feeling 
of  cordiaUty  among  those  who  attend  the  meetings. 

Gut  C.  Faust,  President. 


Remember  the  New  York  Meeting,  Feb.  14  to  171 1916. 
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LIBRARY 

American  Institute  of  Electrical  Engineers 
American  Society  of  Mechanical  Engineers 
American  Institute  of  Mining  Engineers 
United  Engineering  Society 

William  P.  Cutter,  Librarian 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to 
10  P.M.  on  all  week-days,  except  holidays,  from  Sept.  1  to  June  30,  and 
from  9  A.M.  to  6  p.m.  during  July  and  August.  The  Library  contains 
about  66,000  volumes,  including  sets  of  technical  periodicals  and  the 
publications  of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a 
portion  of  their  time  in  localities  isolated  from  sources  of  information. 
To  these  the  Library  can  render  valuable  service  through  correspondence: 
letters  requesting  information  will  receive  special  attention.  The  Librar}* 
is  prepared  to  furnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects;  to  determine  the  existence  of  mining  maps,  and  to 
furnish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for 
such  collateral  matter  will  be  saved,  and  the  information  will  be  sent 
more  promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining  reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that 
members  while  in  the  city  will  use  the  Library  freely,  and  assurance  is 
given  that  most  careful  service  will  be  rendered  to  them. 

Library  Accessions 

■ 

Partial  List  Classified  by  Subjects 
Miningi  Metallurgy  and  Chemistry 

Practical  Survetino  fob  Survbtors'  Assistants,  Vocational,  and  High  Schools. 

By  Ernest  McCullough,  C.  E.    D.  Van  Nostrand  Co.,  New  York,  1915.     Price 

«2.  (Gift  of  Publishers.) 
[Note. — This  manual  contains  in  400  pages  a  large  amount  of  elementary  instruc- 
tion and  practical  advice  for  young  surveyors.  Even  those  who,  having  already 
received  mathematical  training,  do  not  need  that  part  of  the  book,  will  find  in  it  a 
great  deal  which  is  not  taught  .in  the  schools  or  set  forth  in  the  oroinary  text-books. 
We  refer  particularly  to  the  discussion  of  the  legal  duties  and  rights  of  surveyors 
in  such  matters  as  the  restoration  of  lost  boundaries,  etc.  The  chapter  in  "Surveying 
Law  and  Practice"  includes  the  whole  of  Chief  Justice  Cooley's  lamous  address  on 
the  judicial  functions  of  surveyors.  As  a  manual  for  self -instruction  this  book,  is 
admirably  clear  and  well  arranged,  and  it  is  surpri3ing  that  a  work  intended  primarily 
for  that  purpose  should  contain  so  much  that  makes  it  useful  to  advanced  practi- 
tioners.   It  is,  moreover,  interesting  and  "readable,"  even  to  laymen. — R.  W.  R,l 
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Mining  and  Mine  Ventilation.  A  Practical  Handbook  on  the  Physics  and  Chem- 
istry of  Mining  and  Mine  Ventilation.  By  Joseph  J.  Walsh,  Mine  Inspector, 
Wilkes-Barre,  Pa.  D.  Van  Nostrand  Co.,  New  York,  1916.  Price  $2.  (Gift 
of  Publishers.) 

[Note. — ^This  little  book  of  180  pages  is  intended  for  use  in  vocational  schools, 
and  for  students  qualifying  themselves  to  be  mine  foremen  and  inspectors.  It  con- 
tains elementary  instruction  on  matter,  motion,  force,  gravitation,  liquids,  heat, 
gases,  etc.,  as  preliminary  to  practical  discussions  of  the  conditions,  methods  ana 
apparatus  of  mine  ventilation — chiefly  in  collieries.  Each  chapter  is  followed  by 
questions  to  be  answered  and  problems  to  be  solved;  and  numerous  tables,  containing 
useful  data,  are  scattered  through  the  book.  The  title  is  misleading,  since  no  other 
part  of  mining  is  treated  than  ventilation.  For  its  limited  purpose,  the  work  is 
likely  to  be  usSful  and  convenient.] 

Analysis  of   Non-ferroub  Allots.     By   Fred  Ibbotson  and  Leslie   Aitchison. 

London,  1915. 
Bibliography  of  Minnesota  Mining  and  Geologt.    Bull.  No.  4,   Minnesota 

School  of  Mines  Experiment  Station.     Minneapolis,  1915.     (Gift  of  University 

of  Minnesota.) 
Blast  Furnace  and  the  Manufacture  of  Pig  Iron.    Ed.  3.    By  Robert  Forsythe. 

New  York,  1913. 
The  Chemistrt  of  Colloids  and  Some  Technical  Applications.    By  W.  W. 

Taylor.     New  York,  1915. 

Geology  and  Mineral  Resources 

Australia.  Palaeontological  Contributions  of  the  Geologt  of  Western 
Australia.     (Western  AiistraUa,  Bull.  No.  58.)    Perth,  1914. 

Australia.    Reputed  Petroliferous  Area  of  the  Warren  River  District' 
(Southwest  Division)     (Bull.  No.  65,  Western  Australia.)    Geological  Survey. 
Perth,  1915. 

Newfoundland.  Wabana  Iron  Orb  of  Newfoundland.  (Canada,  Department 
of  Mines,  Memoir,  78.)     Ottawa,  1915. 

Pennsylvania.  Mineral  Production  of  Pennsylvania,  1913.  Report  No.  11, 
Topographic  and  Geologic  Surrey.     ELarrisburg,  1915. 

QxTEBEC.  Geology  and  Natural  Resources  of  the  Basins  of  Harricanaw  and 
NoTTAWAT  Rivers,  Northwestern  Quebec.    Quebec,  1912. 

Quebec.  Geology  and  Mineral  Resources  of  the  Chibougamou  Mining 
Region,  Quebec.    Preliminary  Report.     (English  and  French)  Quebec,  1911. 

Quebec.  Les  Minerais  de  Per  de  la  Province  de  QttEBEC.  Gisements  et 
Utilisation.     Quebec,  1915. 

Quebec.  Geology  of  a  Portion  of  Fabre  Township,  Pontiac  County,  Quebec. 
Quebec,  1911. 

Tasmania.  Catamaran  and  Strathblane  Coal  Fields  and  Coal  and  Limestone 
AT  Ida  Bay  (Southern  Tasmania).  Bull.  No.  20,  with  map,  Tasmania  Geolog- 
ical Survey.    Tasmania,  1915. 

Washington.  Coal  Fields  of  Kittitas  County.  Bull.  No.  9.  Washington 
Geological  Survey.     Olympia,  1914. 

Stanford  University.  Geological  and  Mining  Society.  Year  Book  and  Direc- 
tory. 1915.  Stanford,  1915.  (Gift  of  Geological  and  Mining  Society,  Stanford 
University.) 

General 

Concrete  Steel  Construction.     Part  1 — ^Buildings.     By  H.  T.  Eddy  and  C.  A. 

P.  Turner.     Minneapolis,  1914. 
Discoveries  and  Inventions  of  the  Twentieth  Century.     By  Edward  Cressy. 

New  York,  1915. 
Electricity  in  Gases.    By  J.  S.  Townsend,  Oxford,  1915. 
Ilunois  Coal  on  Specification,  Purchase  and  Sale.     Bull.  No.  29,  Illinois  State 

Geological  Survey,  Urbana,  1914. 
Materials  of  Construction:   Their  Manufacture,  Properties,  and  Uses.    By 

A.  P.  MiUs.     New  York,  1915. 
Notes  on  Military  Explosfves.    Ed.  3.    By  E.  M.  Weaver.    New  York,  1915 
Purchasing,    Its  Economic  Aspects  and  Proper  Methods.    By  H.  B.  Twyford. 

New  York,  1915. 
Working  Data  for  Irrigation  Engineers.    By  E.  A.  Moritz.    New  York,  1916. 
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Company  Reports 

Bbokbn  EEill  Propribtabt  Company,  Ltd.  Report  of  60th  half-yearly  ordinary 
general  meeting,  Aug.  27,  1915.     N.  p.  n.  d.     (Gift  of  Company.) 

Oriental  Consolidated  Mining  Company.  Report  for  the  year  ending  June  30, 
1916.     New  York,  1916.     (Gift  of  Company.) 

Trade  Catalogues 

Bbssbmeb  Gab  Engine  Co.,  Grove  City,  Pa.    Bessemer  Monthly,  Oct.,  1915. 

Cameron  Steam  Pump  Works,  New  York,  N.  Y.  Bull.  164.  Cameron  Centrifugal 
pumps.    June.  1916. 

Diamond  Power  Specialty  Co.,  Detroit^Mich.  Consulting  engineers'  guide.  Speci- 
fications covering  various  t^es  of  "Diamond"  Mechanical  Soot  Blowers. 

DuRiRON  Castings  Co.,  New  York,  N.  Y.  The  story  of  "Duriron,"  as  told  in  a  se- 
ries of  advertisements.     1915. 

General  Electric  Co.,  Schenectady,  N.  Y. 

Bull.  No.  44,005.    line  material  and  rail  bonds  for  mine  and  industrial  haulage. 

Sept,  1915. 
Bull.  No.  44,012.     Electrical  equipment  for  the  Puget  Sound  lines  of  the  ChicagOt 

Milwaukee  and  St.  Paul  Rauway.    Oct.,  1916. 
Bull.  No.  47|010.    Standard  imit  direct-current  switchboard  panels  for  railway 
service.    Aug^  1915. 

National  Transit  Co.,  Oil  City,  Pa.    Bull.  403.     Horizontal  ^  engines. 

Oliver  Continuous  Filter  Co.,  San  Francisco,  Cal.  Oil  flotation — Oliver  filtration. 
1916. 

Pomona  Manufactxtring  Co.,  Pomona,  Cal.    Deep  well  pumps,  circular. 

Webster  Mfg.  Co.,  Tiffin,  O.    Webster  method.    Sept.,  1916. 


Remember  the  New  York  Meeting,  Feb.  14  to  179  19x6. 
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MEMBERSHIP 

Nbw  Mbmbers 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  period  Oct.  10  to  Nov.  10,  1915: 

Members 

Beck,  Wsslbt  Hudson,  Civ.  and  Min.  Engr.,  Ellsworth  CoUierieB  Co.,  EUfsworth,  Pa. 
Bradshaw,  Grant  D.,  Pres.,  Andrewa-Biudshaw  Co, 

409  Diamond  Bank  Blck.,  Pittsburgh.  Pa. 

Butler,  Bert  S.,  Geol U.  S.  Geological  Survey,  Washington,  I)*  C. 

Cameron,  Frank,  Asst.  Mine  Foreman,  Braden  Copper  Co., 

Rancagua,  Chile,  So.  Amer. 
Chen,  Ybfah  Francis,  Asst.  Min.  Engr.,  Pinghsiang  CollierVj 

Pin^isiang-Ki,  via  Changsha,  China. 
Claghorn,  Dayid  Montgomert,  Mining  Engr.,  Tunekeeper, 

Wilkeson  Coal  &  Coke  Co.,  Wilkeson.  Wash. 
Davis,  Reuben  Waldo,  Min.  Engr.,  Supt.,  Cannel  Coal  Co.,  Dolores,  Webb  Co.,  Tex. 

DouTHETT,  George   M.,  Supt Crescent  Metals  Co.^   Glenwillard,  Pa. 

DuNSFORD,  Ensor  R.,  Min.  Engr.,  Asst.  Supt.,  Victoria  Gypsum  Mm.  A  Mff.  Co.,  Ltd., 

8uarry,  St.  Anns,  U.  B.,  Nova  Scotia,  Canada, 
are  F.  A.  Pellas  &  Co.,  Granada,  Nicara^a, 

Central  America. 

Gepp,  Herbert  W^luah 62  Gates  Ave.,  Montclair,  N.  J. 

Gillette,  G.  Marshall,  Mgr The  Consolidation  Coal  Co.,  Jenkins,  Ky. 

Hall,  Oliver,  Mines  Supt Mond  Nickel  Co.,  Coniston,  Ont.,  Canada. 

Hand,  Orville  M.,  Supt Queen  of  the  West  Mmes  Co^  Coniucopia,  Ore. 

Henegar,  Herbert  Benton,  Mine  Foreman,  Care  American  Zinc  C)o.,  Mascot,  Tenn. 
HoiJDAT,  Francis  Augustus,  Geol.,  Institute  of  Petroleum  Technologists, 

17  Grace-church  St.,  London,  ET  C,  Endand. 
Knapenbbrger,  William  Ralph.  MiU  Asst. .  .American  ^c  Co.,  MascoJL  Tenn. 

Labkt,  Bernard  Harold,  Min.  Engr Kennett,  Shasta  Co.,  Cal. 

Leonard,  William  Dixon,  Supt.,  .£nerican  Smelt.  &  Ref.  Co., 

Garfield  Smelter,  Garfield,  Utah. 
Lewis,  Claude  Freeman,  Div.  Supt.,  Philadelphia  &  Reading  Coal  A  Lron  Co., 

Pottsville,  Pa. 
Linden,  Bernard  Hugo  van  der,  Chief  Geol.  and  Pleld  M|t., 

Shell  Company  of  Cal.,  San  Francisco,  Cal. 
Lindsay,  Bruce  R.,  Mine  Supt.,  Republic  Iron  and  Steel  Co., 


LiNDSET,  Harlet  Martin,  Shift  Boss Ray 

McFadden,  George  Caldwell,  Min.  En^r 

MacDonald,  Henrt  Douglas,  Met.,  Chief  Sampler,  American  Zinc  Co., 

Mascot,  Tenn. 
Macrbadt,  George  Alexander,  Resident  Geol.,  Trinidad  Lake  Petroleum  Co.,  Ltd., 

Brighton,  Trinidad,  B.  W.  I. 
Marriott,  Alexander  Dodslbt,  Jr.,  Engr.,  Dorr  Cyanide  Mach.  Co., 

Box  6,  P.  P.  I.  E..  San  Francisco,  Cal. 
Mitchell,  LbRot  Bradlet,  Min.  Engr.,  Copper  Queen  Cons.  Min.  Co.,  Bisbee,  Aris. 

Nance,  W.  Fred,  Mine  Supt Belknap  Coal  Co.,  Newcastle,  Tex. 

Patterson,  Robert  Dun,  Mine  Mgr.,  Weyanoke  Coal  a  Coke  Co» 

Lowe,  Mercer  Co.,  W.  Va. 
Perrt,  Robert  Matson,  Min.  Engr.,  Genl.  Supt.,  The  Moffat  Coal  Co., 

Oak  Creek,  Colo. 
Ralbton,  Oliver  C,  Asst.  Met.,  U,  S.  Bureau  of  Mines, 

Care  University  of  Utah,  Salt  Lake  City,  Utah. 
Roger,  Eugene,  Engr.,  Union  Miniere  du  Haut  Katanga, 

Elisabethville  (Katanga)  Congo  Beige,  via  Capetown. 

Smithsr,  Thomas  M^Min.  Elngr Nevada  Wonder  Mining  Co.,  Wonder,  Nev. 

Wiluams,  William  Henrt,  Vice-Pres.,  The  Delaware  and  Hudson  Co., 

32  Nassau  St.,  New  York,  N.  Y. 
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Associate  Members 

BtTRNS,  James  Fbrquson,  Pres.,  Cripple  Creek  Deep  Dramage  and  TranaporUtion 

Tunnel  Co.,  Colorado  Springs,  Colo. 

Bradley,  William  M.,  Counsellor 405  Felt  Bldg.,  Salt  Lake  City,  Utah. 

Thomas,  Philip  Edward,  Coal  Mining 1327  ^nice  St.,  Philadelphia,  P&. 


Junior  Members 

Kline,  Allen  Harold ^-  •  •  • —  •  46_Fairview  Ave.,  Naugatuck,  Conn 

Konselman,  Albert  S.,  M 
Zimmer,  Ernest  Barnard 


Nauga 

Konselman,  Albert  S.,  Min.  En^r Care  Engineering  Debt.,  4  C,  Naco,  Ariz 

ARD,  Chemist,  Alliance  Works,  Amencan  Steel  Foundries, 


Alliance,  Ohio. 
Reinstated  Members 

Hamilton,  Thomas  M.,  Min.  Engr Chanaral,  Chile,  So.  Amer. 

Wallace,  Louis  R.,  Supt International  Smelting  Co.,  Miami,  Ariz. 

Total  Membership,  Nov.  lO,  1916 5,305 

Candidates  for  Membership 

Appucation  for  Membership. — The  Institute  desires  to  extend  its  privileges  to 
every  person  to  whom  it  can  he  of  service.  On  the  other  hand,  it  is  not  desirable  that 
persons  should  be  admitted  to  membership  in  classes  for  which  they  are  not  qualified. 
Members  of  the  Institute  can  be  of  great  service  if  they  will  make  a  practice  of  glandpc 
through  the  list  of  applicants  and  promptly  notifying  the  Committee  on  Memoerahip. 
or  the  Secretaiy  of  the  Institute,  of  any  persons. whom  they  think  should  not  be 
classified  in  accordance  with  the  list  given. 

The  following  persons  have  been  proposed  during  the  period  Oct.  10 
to  Nov.  10,  1916,  for  election  as  members  of  the  Institute.  Their  names 
are  published  for  the  information  of  Members  and  Associates,  from  whom 
the  Committee  on  Membership  earnestly  invites  confidential  communi- 
cations, favorable  or  unfavorable,  concerning  these  candidat'es.  A 
sufficient  period  (varying  in  the  discretion  of  the  Committee,  according 
to  the  residence  of  the  candidate)  will  be  allowed  for  the  reception  of 
such  communications,  before  any  action  upon  these  names  by  the  Com- 
mittee. After  the  lapse  of  this  period,  the  Committee  will  recommend 
action  by  the  Board  of  Directors,  which  has  the  power  of  final  election. 

Members 

Maxwell  Wanton  Atwater,  Basin,  Mont. 

Proposed  by  Robert  Linton,  Rene  de  Sallier  du  Pin,  D.  C.  Bard. 

Bom  1878,  Millville,  N.  J.  1886-90,  Grammar  and  private  schools,  Millville, 
N.  J.  and  Germantown,  Pa.  1890-92,  Realschule,  Berlin,  Germany.  1S92-96, 
Preparatory  School,  Wm.  Jenner,  Syracuse,  N.  Y.  1896-97,  University  CoUege, 
London.  1897-1901,  Colorado  School  of  Mines,  Golden.  Colo.  E.  M,  1901-03, 
Miner,  Engr.,  Asst.  to  Supt.,  Liberty  Bell  G.  M.  Co.,  Telluride,  Colo.  1904-05. 
Supt.,  United  Eikhom  Mines,  Baker  Co.,  Ore.  1905-09,^  Jr.  partner,  Atwater, 
Linton  &  Atwater,  examinations  and  management,  Montana,  Colorado,  Bolivia, 
Mexico.     1909-12,  Genl.  Supt.,  Butte  &  Superior  Copper  Co.,  Ltd.,  Butte,  Mont. 

Present  position:  Owner  and  Manager,  zinc  concentrator  and  mining  property. 

WiUiam  A.  Beaudry,  Kellogg,  Idaho. 

Proposed  by  Ernest  G.  Gnaedinger,  Rush  J.  White,  Fred  W.  Callaway. 

Bom  1878,  Houghton,  Mich.  General  school  education.  1896-1900,  Miner, 
Garden  City  Development  Co.,  Homestake  Min.  Co..  Black  Hills,  S.  D.  1900-01, 
Miner,  Republic,  Wash.;  Phoenix  B.  C.  1901-06,  Miner,  Timberman,  Contractor, 
Last  Chance,  Bunker  Hill,  Black  Hawk,  etc.,  Wardner,  Idaho.  1906-08,  Foreman, 
Stewart  Mine,  Kellogg,  Idaho. 

Present  position:  1908  to  date;  Supt.,  Stewart  Mine  and  Coeur  d'Alene  Develop- 
ment Co. 


Ambricak  Institute  of  Mining  Engineers  xxxi 

Carlos  Billick,  Keddie,  Cal. 

Proposed  by  Thomas  T.  Read.  H.  L.  Slosson,  W.  S.  Morley. 

Bom  1889,  Downieville,  Cal.  1914,  Univ.  of  California,  B.  Sc.,  Berkeley, 
Cal.  1914,  Nevada  Cons.  Copper  Co.,  McGill,  Nev.  1914-15,  Associated  with 
I.  W.  Gibbons  in  general  mining  wotk,  Alturas,  Cal. 

Present  position:  Oil  Flotation  Operator,  Engels  Copper  Min.  Co. 

WiUiam  J.  von  Berries^  Joplin,  Mo. 

Proposed  by  C.  A.  Wnght,  H.  A.  Buehler,  Herbert  Taylor. 

Bom  1881,  Louisville,  Ky.  1889,  Du  Font  Manual  Training  School,  Louisville, 
Ky.  1901-02,  Rose  Polvtechnic  Institute,  Terre  Haute,  Ind.  1905,  Lenigh  Univ., 
So.  Bethlehem,  Pa.,  E.  M.  1906-07,  U.  8.  Geological  Survey,  Fuel  Testing  Plant, 
St.  Louis.  1907-09,  Supt.  of  Mines,  Coalmont,  Tenn.  1909-10,  General  engmeering 
&  construction  practice,  Ky.  &  Tenn.  1910-13,  Genl.  Mer.,  lead  and  zinc  mining 
properties,  s.w.  Mo.     1913-14,  Mining  eng.  practice,  Ky.,  Va.,  Tenn.  &  West. 

jhresent  position:  Genl.  Supt.  of  Mines. 

Charles  H.  Briggs,  Bonne  Terre,  Mo. 

Proposed  by  CTJ.  Adami,  Alan  D.  Bell,  L.  A.  Delano. 

Bom  1883,  Springfield,  Mo.  1902.  Central  College,  Fayette^  Mo.,  A.  B.  1905, 
Washington  Univ.,  St.  Louis,  Mo.,  B.  S.  1905-08,  Constmction  work.  Republic 
Iron  and  Steel  Co.,  East  St.  Louis,  IlK  1908-09,  Mill  designing.  Doe  Run  Lead  Co.» 
Rivermines,  Mo. 

Present  position:  1909  to  date;  Construction  Engr.,  St.  Joseph  Lead  Co. 

L.  C.  Church,  tFoplin,  Mo. 

Proposed  by  A.  F.  Tmex,  H.  A.  Buehler,  C.  A.  Wright. 

Bom  1877,  Cincinnati,  O.  1896-97,  Mass.  Inst,  of  Tech.  1897-99,  Stanford 
Univ.,  Mining  Dept.     1903-04,  Columbia  Univ.  School  of  Mines. 

PiHBsent  position:  Have  been  opeiating  my  own  zinc  and  lead  properties  in  the 
Joplin  district  for  the  past  eleven  years. 

Lloyd  J.  Davis.  Joplin,  Mo. 

Proposed  by  H.  S.  Young,  F.  C.  Wallower.  Charles  T.  Orr. 

Bora  1876,  Burlington,  Vt.  To  1893,  Public  Schools,  Fitchburg,  Mass.  1897, 
Grad.,  Worcester  Polytechnic  Institute,  B.  S.  1898-99,  United  Shoe  Machinery  Co. 
1899-1903,  Sullivan  Machinery  Co.     190a-04,  Robinson  Machinery  Co. 

Present  position:  1905  to  date;  Sales  Engr.,  IngersoU  Rand  Drill  Co. 

Sidney  Hugh  Davis,  Joplin,  Mo. 

Proposed  by  C.  A.  Wright,  Philip  N.  Moore,  Herbert  DeQ.  Taylor. 

Bom  1886,  Morristown,  N.  Y.  1905-09,  Univ.  of  Wisconsin,  B.  S.  1909-10, 
Supt.  of  zinc  mine.  Vinegar  Hill  Zinc  Co.,  Wisconsin  Zinc  and  Lead  District. 

Present  position:  1911  to  date;  Mgr.,  zinc  mines.  Vinegar  Hill  Zinc  Co.  and 
Century  Zinc  Co.,'  Joplin  District.     • 

John  Howard  Dusan,  Hazleton,  Pa. 

Proposed  by  Douglas  Bunting,  R.  V.  Norris,  Walter  Fahringer. 

Bom  1860,  Lairdsville,  Pa.  1866-77,  Public  School.  1877-79,  Grad.,  West 
Chester  State  Normal  School.  1879-82,  Taught  School  and  worked  on  Eng.  Corps, 
studying.  1883-91,  Mining  Eng.,  Lehigh  and  Wilkes-Barre  Coal  Co.  1891-1901, 
Contractor,  Lehigh  and  Wilkes-Barre  Coal  Co.,  and  Lehigh  Valley  Coal  Co.,  and  Coxe 
Bros.  Co.  1901-03,  Genl.  Mgr.,  Chinese  Eng.  &  Min.  Co.,  Ltd.,  Tongshan,  China. 
1903-06,  Supt.,  Dodson  Coal  Co.,  Morea  Colliery,  Pa. 

Present  position:  1906  to  date;  Stripping  Contractor,  Lehigh  and  Wilkes-Barre 
Coal  Co.  and  C.  M.  Dodson  &  Co. 

Lindsay  Ducan,  McGill,  Nev. 

Proposed  by  C.  B.  Lakenan,  Charles  F.  Rand,  George  A.  Howells.  W.  L.  Saunders, 
Pope  xeatman,  R.  E.  H.  Pomeroy. 

Bom  1876,  Brooklyn,  N.  Y.  1892-97,  Univ.  of  Maine.  1897-99,  Clark  Univ. 
1902-03,  Comell  Univ.,  B.  S.,  M.  S.  1899-1901,  Instmctor.  Union  University. 
1901-02,  Supt.  of  Const.,  Amer.  Locomotive  Co.,  Schenectady,  N.  Y.  1902-03, 
Instractor,  Comell  Univ.,  Ithaca,  N.  Y.  1903-04,  Prof,  of  C.  E.,  Univ.  of  Colo. 
1904-06,  Engr.,  Gunnison  Tunnel,  Montrose,  Colo.  1905-07,  Engr.,  A.  S.  &  R.  Co., 
Denver,  Colo. 

Present  position:  1907  to  date;  Mech.  Engr.,  Nevada  Cons.  Copper  Co. 
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Charles  Ferry.  Bridgeport,  Conn. 

Proposed  by  Arthur  F.  Taggart,  J.  F.  McClelland,  L.  W.  Bahney. 
Bom  1868,  Peterboro,   N.  H.     1888,  Worcester  Polytechnic  Institute,   B.  a 
1880-90,  Taught  in  Inorganic  Chem.  Analysis  at  the  Mass.  Inst,  of  Tech. 
Present  position:  1895  to  date;  Bridgeport  Brass  Co. 

Thomas  £.  Fisher,  New  York,  N.  Y. 

Proposed  by  Chester  A.  Fulton,  L.  O.  Kellogg,  Louis  D.  Huntoon. 

Bom  1883,  Lansingburg,  N.  Y.  1897-1901,  Mt.  Vernon  High  School.  1901-05, 
Columbia  Univ.,  E.  M.  1905-4)7,  Engr.,  Guanajuato  Cons.  M.  &  M.  Co.,  Guanajuato, 
Mex.  1907-08,  Chem.,  Dwight  Furnace  Co.,  Guanajuato,  Mex.  1908-09,  Engr., 
Guanajuato  Development  Co.  1909-10.  Engr.,  Guanajuato  Amalgamated  Co. 
1910-11,  Mech.  Engrg.  Dept.,  Cia.  Real  ae  Monte.  1911-12,  Asst.  Mgr.,  Ag^iacate 
Mines,  Costa  Rica. 

Present  position:  1912  to  date;  Engr.,  Underpinning  Foundation  Co. 

Tames  Russel  Fleming,  Urbana,  HI. 

Proposed  by  H.  I.  Smith,  F.  W.  DeWolf.  H.  H.  Stoek. 

Bom  1886,  Amot,  Tioga  Co.,  Pa.  Common  School.  1904r-07,  Grove  City 
CollwB,  Grove  Qty,  Pa.  1908-11,  School  of  Mines,  Univ.  of  Pittsburgh,  Pittsbui^h, 
Pa.,  E.  M.  1908-10,  Engineering  corps  and  various  mining  work.  1911,  Minmg 
class  work.  Bit.  Comm.,  Y.  M.  C.  A.  1911-^12,  Min.  Engr.,  Day  &  Zimmerman, 
Philadelphia,  Pa.,  on  central  power  plant  work,  Central  renn.  district.  1912  to 
date;  U.  S.  Bureau  of  Mines. 

Present  position:  Asst.  Min.  Engr.,  U.  S.  Bureau  of  Mines. 

Peter  Andreas  Haines,  Rivermines,  Mo. 

Proposed  by  Ambrose  E.  Ring,  E.  J.  Rossbach,  C.  J.  Adami. 

Bom  1876,  Lofoten,  Norway.  1899-1901,  Elementary  School  of  Mines,  Kongs- 
berg.  Norway.  1906-09,  Montana  State  School  of  Mmes,  M.  E.  1902,Sapt., 
Hufflin  Copper  Mine,  Huglin,  pr.  Stordo,  Norway.  1909-10,  Testing  Engr^jJWasDoe 
Reduction  Wks.,  Anaconda,  Mont.  1910-11,  Supt.,  Del  Rio  Min.  Co.,  rHk  City, 
Idaho.  « 

Present  position:  Div.  Supt.,  Doe  Run  Lead  Co. 

P.  IL  Hines,  El  Paso.  Tex. 

Proposed  by  David  Cole,  Julius  Bergman,  W.  S.  Harrison. '. 

Bom  1886,  Toledo.  O.  1901-05,  New  Mexico  School  of  Mines,  Socorro,  N.  M. 
1905-4)7,  Michigan  College  of  Mines,  Houghton,  Mich.,  E.  M.  1905,  Miner,  Cripple 
Creek.  1907-08,  Engr.,  St.  Anthony  Reef,  Sturgeon  Lake,  Ont.  1908,  Surveyor's 
Helper,  Federal  M.  &  S.  Co^  Wallace,  Idaho.  1908-10,  Engr.,  Mill  Foreman,  Minas 
Pedrazzini,  and  Supt.,  El  Carmen  Mine,  Arizpe,  Sonora.  1910-11,  Millman,  Test 
Man,  various  companies  Arizona.  1912,  Draftsman,  David  Cole,  Morenci,  Ariz. 
1913-15,  Constmction  Engr.,  in  charge  of  Flotation  Dept.,  Caucasus  Copper  Co., 
Ltd.,  Batum,  Russia.  1915,  Concent.  Draftsman,  Inspiration  Cons.  Co.,  Miami. 
Ariz. 

Present  position :  In  charge  of  drafting  and  design  new  concentrator,  San  Francisco 
Mines  of  Mexico. 

David  Leavitt  Hough,  Petrograd,  Russia. 

Proposed  by  W.  L.  Saunders,  George  A.  Howells,  George  T.  Cousins. 

Bom  1865,  Fort  Wayne,  Ind.  1885,  Yale  Univ.,  Ph.  B.  1885-87,  Apprentice 
and  Joumeyman  Machinist.  1887-92,  Draftsman  to  Chief  Engr.,  R.  D.  Wood  & 
Co.,  Philadelphia.  1892-95,  Chief  Engr.,  East  River  Gas  Co.,  built  tunnel  under 
East  River.  1895-98,  Mgr.,  National  Contracting  Co.,  Barber  Asphalts  Interests. 
1898-99,  Capt.,  U.  S.  V.  Engineers.  1899-1914,  Contractor,  particularly  on  tunnel 
work;  P.  R.  K.  ttmnels  across  Manhattan,  imder  East  River,  and  Harbor  of  Havana. 

Present  position :  Senior  member  Technical  (Contracting  Engineering)  and  Trading 
(Engineering  Equipment)  Co.,  "Hough-Kolensky  Co." 

Ichiro  Ishikawa,  New  York,  N.  Y. 

Proposed  by  Edward  L.  Yoimg,  Shigema  Yamanouchi,  Takeshi  Kawamura. 

Bom  1885,  Tokyo,  Japan.  1906,  Grad.,  First  Higher  School  fpreliminarT^  course 
to  the  University).     1909,  Grad.,  Tokyo  Imperial  Univ.,  Dept.  of  Applied  Chem. 

Present  position:  Asst.  Prof.,  Tokyo  Imperial  Univ.,  Dept.  of  Applied  Chem. 
and  Cons.  Qiem.,  Kanto  Acid  and  Alkali  Co. 


American  Institute  of  Mining  Engineers  xxxiii 

Fred  G.  Jarrett,  Carbonado.  Wash. 

Proposed  by  Percy  E.  Wrignt,  Joseph  Daniels^  Milnor  Roberts. 

Bom  1874,  Forest  of  Dean^  England.  1800,  Monmouth  Grammar  School, 
England.  1896,  Certificate  Minmg  School,  Newcastle  of  S.  Wales,  Aust.  1898, 
Manager's  Certificate,  Aust.  1909,  Mining  course,  International  Correspondence 
School.  1910,  Foreman's  Certificate,  B.  C.  1898,  Deputy,  undermanager  and 
manager.  Great  Western  Colliery,  Vic,  Aust.  1901,  Shiftboss  and  undermanager, 
Malcom  Star  Gold  Min.  Co.,  W.  Aust.  1902,  Webster's  Find  Gold  Min.  Co.,  W. 
Aust.  1904,  Govt.  Exploration  as  prospector;  Manager  prospecting  outfit,  Fiji 
Legislative  Council.  1912,  Mine  Foreman,  Canadian  0)llieries,  Vancouver  Island, 
B.  C. 

Present  position :  Mine  Foreman,  Carbon  Hill  Coal  Co. 

Robert  £.  Jennings,  2nd,  New  York,  N.  Y. 

Proposed  by  Albert  Sauveur,  H.  M.  Boylston.  Bradley  Stoughton. 

Bom  1884,  Washington,  D.  C.     Public  School,  Washing^n,  D.  C.     Bra<Jstreets 

Preparatory  school.  Rochester,  N.  Y.  1904-07,  West  Point.  1910-11,  Harvard 
chool  of  Applied  Science.  1907-10,  Taylor  Iron  and  Steel  Co.,  High  Bridge,  N.  J. 
1911-13,  The  Titan  Steel  Casting  Co.,  Newark,  N.  J.  1913-16,  Genl.  Cons.  Engrg. 
Office,  New  York. 

Piesent  position:  Hewitt  Steel  Corporation. 

Chisato  Kawamura,  Sagaken,  Japan. 

Proposed  by  Edward  L.  Young,  Shigema  Yamanouchi,  Takeshi  Kawamura. 

Bom  1873,  Tokyo,  Japan.  1903.  Grad.,  Tokyo  Univ.  of  Japan.  1903,  Chief 
Engr.,  Electric  Light  ana  Power  Co.,  Shiguokaken,  Japan.  1908,  Engr.,  Kano 
Copper  Mine,  Fukushinaken,  Japan. 

Present  position :  1911  to  date;  Chief  Engr.,  Ochi  and  Yoshitani  Coal  Mine, 
Mitsubishi  Co.,  Japan. 

Samuel  M.  Keiper,  New  York,  N.  Y. 

Proposed  by  Charles  F.  Rand.  Georce  W.  Pfeiflfer,  Paul  S.  King. 

Bom  1844,  near  Middletown,  Fa.  Education  received  in  public  schools  and  White 
Hall  Academy.  Experience  mostly  in  mining  of  iron  ores  in  Pennsylvania  and 
New  Jersey.  Also  in  the  manufacture  of  explosives  under  the  name  of  New  York 
Powder  Co.  of  which  I  was  President  and  pnncipal  owner. 

Present  position:  Retired. 

Carl  Auffust  Lantz,  Pachuca,  Mex. 

Proposed  by  Hugh  Rose,  William  J.  Cox,  Richard  A.  Parker. 

Bom  1883,  Green  Bay,  Wis.  To  1899,  Common  Schools,  Milwaukee,  Wis.  and 
Colton,  Cal.  1903,  Grad.,  Redlands,  Cal.  High  School.  1904-07,  Chemistry  Course, 
Leland  Stanford  Jr.  Univ.  1907-08,  Shiftboss,  Cyanide  Mill,  Reduction  &  Mines 
Co.,  Guanajuato,  Gto.,  Mex.  Shiftboss,  Cvanide  Mill.  Pinguico  Mines  Co.,  Guana- 
juato, Gto.,  Mex.  1908-09,  Mill  Supt.,  Cyanide  Mill,  Guanajuato  Amalgamated 
Gold  Mines  Co.,  La  Luz,  Guanajuato,  Mex.  1909,  Mill  Supt^  Cyanide  Mill,  Pin- 
guico Mines  Co.,  Guanajuato,  Mex.  1910-14,  Mill  Supt.,  Cia.  Beneficiadora  de 
Pachuca,  S.  A. 

Present  position:  1914  to  date:  Genl.  Supt.,  Cia.  Beneficiadora  de  Pachuca,  S. 
A.,  and  Cia.  de  Santa  Gertmdis,  S.  A. 

John  George  Leyner,  Denver,  Colo. 

Froposed  by  W.  L.  Saunders,  L.  D.  Albin,  George  A.  Howells. 

Bom  1860,  Boulder,  Colo.  1870-80,  District  Schools.  Prest^  J.  George  Leyner 
Engrg.  Works  Co^  Littleton,  Colo.  Inventor  of  Leyner  drill.  Inventor  of  Leyner 
drill  sharpener.  Was  formerly  engaged  on  machine  shop  practice  repairing  mining 
and  contractors'  machinery.  Has  had  practical  experience  in  lead  and  silver  mining 
in  Colorado. 

Present  position:  Cons.  Engr.,  IngersoU  Rand  Co. 

Kuo  Chinj:  Li,  New  York,  N.  Y. 

Proposed  by  Thomas  T.  Read,  T.  A.  Rickard,  E.  P.  Jennings. 

Bom  1890,  Changsha.  China.  •  1903-08,  Grad.,  Technical  Institute,  Hunan, 
China,  M.  E.  1912-15,  Grad.,  Royal  School  of  Mines,  London,  A.  R.  S.  M.  1908- 
09,  Secy..  Hunan  Mining  Board.  1909-10,  Mgr.,  Kuanwah  Mine  Co.  1910-11, 
Mgr.,  SuKaushan  Lead  &  Zinc  Mines. 

Present  position:  Mining  Commissioner,  Min.  Engr.,  Hunan  Mining  Board  and 
Wah-Chang  Min.  &  Smelt.  Co. 
8 
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Frank  Austin  Lidfrafy,  Niagara  Falls,  N.  Y. 

Proposed  by  Jo8a>h  W.  Richards,  £.  F.  Roeber,  Arthur  L.  Walko'. 

Bom  1879.  Middlewich,  England.  1895-98,  B.  Sc.;  1900  M.  Sc.,  Univ.  <rf  Man- 
chester. 1898-1903,  Research  work,  Physical  chemistry,  Manchester,  Ixmdon  and 
Leipzijg.  1903-05,  Chief  Chemist,  Oldbury  Electro  Chemical  Co.  1914-15,  Prest^ 
Amencan  Electro  Chemical  Society. 

Present  position:  1906  to  date;  Works  Mgr.,  Oldbury  Electro  Chemical  Co. 

William  Doudas  McMillan,  Schumacher,  Ont.,  Canada. 

Proposed  by  E.  A.  Henam.  W.  8.  Morley,  E.  B.  Durham. 

Bom  1892.  Muskegon,  Mich.  1905-09,  Eureka  High  School.  Cal.  1909-14. 
Univ.  of  Caliiomia.  Berkeley,  Cal.,  B.  8.  1911,  Assay  office  ana  with  survesring 
crew.  Alaska^Treadwell  Mines.  1912,  Mucker,  North  Star  Mines,  Cal.  1914. 
Field  Asst.  on  Reconnoisance  work,  U.  S.  Geological  Survey,  Yosemite  National  Park. 

Present  position:  1914  to  date;  Asst.  Engr.  &  Geo.,  Mclntyre-Porcupine  Mines, 
Ltd.     • 

John  D.  MacKenzie,  Boston.  Mass. 

Proposed  by  Waldemar  linagren,  H.  O.  Hofman,  Edward  E.  Bugbee. 
Bom  1888,  Baddeck,  Cape  Breton,  Canada.     191 1,  Mass.  Inst,  of  Tech.,   S.  B. 
Present  Dosition:  1912  to  date;  Instmctor,  Mass.  Inst,  of  Tech.,  and  Asst.  GeoL, 
Geological  Survey  of  Canada. 

Albert  T.  March,  CoUinsviUe,  Bl. 

Proposed  by  Jesse  O.  Betterton,  W.  E.  Newnam,  Herman  Garlichs. 

Bom  1885,  Ocheyedan.  Iowa.  1910,  Univ.  of  Michigan^  Bachelor  of  Chemical 
Engineering;.  1910-12,  Cnemist,  Omaha  laboratories,  Umon  Pacific  R.  R.  Co. 
1912-13,  Night  foreman,  Bismuth  and  Experimental  Plants.  1913-15,  Night  foreman 
Lead  Refinery,  Am.  Smeltg.  &  Befg.  Co. 

Present  position:  Supt.,  River  Smelt.  &  Ref.  Co.,  Keokuk,.  Iowa. 

Itsumaru  Miyasald,  Fukuoka,  Japan.   ' 

Proposed  by  Edward  L.  Young,  onigema  Yamanouchi,  Takeshi  Kawamura. 


Present  position:  1912  to  date;  Chief  Ehgr.,  Shinnew  and  Kanada  Coal  Mine, 
Mitsubishi  Co. 

Laurence  Stillman  Morrison,  Grass  Valley,  Cal. 

Proposed  by  J.  B.  Stapler,  Thomas  V.  Reeves,  Robert  H.  Bedford. 

Bora  1888,  Badlands,  Cal.  1902-05,  Thacher  School.  Nordhoff,  Cal.  1905- 
07,  Phillips  Academy,  Andover,  Mass.  1907-11,  Yale  College,  B.  A.  1911-12, 
Savings  Bank  of  Redlands,  Redlands,  Cal.  1912-14,  Wells  Fargo  Nevada  Nat. 
Bank,  San  Francisco,  Cal.  1914,  Sampler,  Surveyor,  Specimen  Boss,  Empire  Bdines, 
Grass  Valley,  Cal. 

Present  position:  Office  Assistant. 

Hajime  Nakamura,  Tochigi-ken,  Japan. 

Proposed  by  W.  L.  Saunders,  George  A.  Howells,  L.  D.  Albin. 

Bom  1879,  Tokyo,  Japan.  1900,  Grad.,  Tokyo  First  High  School.  1903,  Grad., 
Civil  Engineering  Dept.,  Kyota  Imperial  Univ.,  Kogfdcushi.  1903,  Const.  Engr., 
Ashio  Copper  Mmes,  Furukawa  Mining  Co. 

Present  position:  Chief  of  Const.  L^pt.,  Ashio  Copper  Mines. 

Wilbur  Armistead  Nelson,  Nashville,  Tenn. 

Proposed  by  A.  H.  Purdue,  L.  C.  Glenn,  S.  W.  McCallie. 

Bom  1889.  Nashville.  Tenn.  1910,  Vandervilt  Univ.,  B.  S.  1908-10,  Insthictor 
Chemical  Lab.,  Vanderbilt  Univ.  1915,  Stanford  Univ.,  M.  A.  1910,  Chem. 
Tennessee  Packing  Co..  Nashville,  Tenn.  1910-14,  Asst.  Geol.^  Tennessee  Geo- 
logical Survey,  Nashville,  Tenn.  1912  (summer),  Asst.  GeoL,  Vuginia  Geological 
Survey. 

Present  position:  1914  to  date;  Economic  GeoL,  Nashville,  Chattanooga  and 
Saint  Louis  Ky. 
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Proposed  by  Harry  if.  Nold,  George  J.  Young,  W.  R.  Appleby. 

Bom  1890,  La  CroBBe,  Wis.  1913,  E.  M.  1914,  Univ.,  of  Minn.,  M.  Sc.  1910, 
Surveyor.  E.  J.  Lon^ear  &  Co.  1912,  Miner,  Calumet  and  Arizona  Min.  Co., 
Bisbee,  Ariz.  1913,  Appraisal  En^.  of  public  utilities  with  Charles  L.  Pillsbury,- 
St.  Paul.  1914,  Steel  Inspector,  Pittsburg  Testing  Laboratories,  Minneapolis,  Minn. 
Branch.     1915,  Metallographer,  Inland  Steel  Co. 

Present  position:  Mixer  Foreman,  No.  1  Open  Hearth,  Blinois  Steel  Co. 

P.  J.  O'Gara,  Salt  Lake  City,  Utah. 

Proposed  by  W.  H.  Howard,  P.  A.  Mosman,  C.  W.  Whitley. 

Born  1872,  Coleridge,  Nebr.  1895-96,  Univ.  of  So.  Dakota.  1898-1902,  Univ. 
of  Nebraska,  B.  Sc.  1904-05,  Abroad,  pursuing  pathological  studies.  1902-10, 
Pathologist,  U.  S.  Dept.  of  Agriculture.  1910-14,  Pathologist  and  Entomologist 
and  Special  Meteorological  Observer,  U.  S.  Weather  Bureau,  Medford,  Ore. 

Present  position:  Chief  in  charge  of  Agricultural  Investigations,  American  Smelt. 
A  Ref.  Co. 

Frederick  Warren  Osbom,  Ajo,  via  Gila,  Bend,  Ariz. 

Proposed  by  Charles  E.  Locke,  Edward  E.  Bugbee,  H.  O.  Hofman. 

Bom  1887.  Edgartown,  Mass.     1903-06,  Worcester  Academy,  Worcester,  Mass. . 
1906-14,  Grad.,  Mass.  List,  of  Tech.,  S.  B.     1909-10,  U.  S.  Ener.  Corps,  Fortifica- 
tion Dept.,  Boston.     1911   (summer).  Inspector  diamond   drill  work,    Stone  and 
Webster  Eng.  Corpn.,  Kellyville,  N.  H.     1912-13,  Engr.,  Ajo  Cons.  Copper  Co. 
1913-14,  Engr.  helper,  Chino  Copper  Co. 

Present  position:  Engr.,  Ajo  Cons.  Copper  Co. 

Frank  W.  Parker/ Rye  Valley,  Ore. 

Proposed  by  L.  A.  Walken  Howard  S.  Lee,  Frederick  Lyon. 

Bom  1870,  Penn  Yan,  N.  Y.  Common  School.  1887-89,  Washington  Univ. 
1890-98.  Homestake  Mines,  White  Oaks,  N.  M.  1898-1904,  Candelaria  Mines, 
San  Pedro,  Mex.  1904-06,  Various  mines,  Nevada  and  Idaho.  1906-10,  Leasing 
in  Idaho. 

Present  position:  1911  to  date;  Mine  Supt.,  Rainbow  Mine. 

George  Proud,  Valparaiso,  Chile. 

Proposed  by  Mark  R.  Lamb,  C.  Garcia  Cross,  Walter  Renton  Ingalls. 

Bom  1870,  Gateshead-on-Tyne,  England.  1880-85,  Dr.  RutherfoWs  Academy, 
Gateshead,  England.  1885-90,  Engr.  apprentice  and  student.  Clarke-Chapman  & 
Co.,  Gateshead.  1890-1903,  Service  at  sea;  eleven  years  as  Cnief  Engr.,  latter  five 
as  Chief  Engr.  on  Chiliim  Navy.  Holder  of  Board  of  Trade  1st  class  certificate. 
1903-15,  Principal  works  in  which  I  was  engaged.  Erection  of  several  nitrate  plants, 
superintendence  of  erection  of  Catemu  y  Melor  Copper  Smeltg.  Works.  Cons.  Engr., 
to  Soci6t6  des  Mines  di  Cuivre  de  Catemu  (French  Co.)  and  to  several  Nitrate  Com- 
panies. Designing  and  superintendence  of  new  water  works  for  Valparaiso  executed 
Dy  contract  by  my  firm. 

Present  position:  Partner,  Beaver-Proud  Engineering  Co. 

Adelbert  Harry  Richards,  Murray,  Utah. 

Proposed  by  C.  W.  Whitley,  C.  W.  Adams,  Jr.,  J.  B.  Mcintosh. 

Bom  1878,  Pueblo,  Colo.  1897,  Grad.,  Central  High  School  with  advanced 
credits  in  chemistry.  1898-99,  En^rg.  &  Chemistry,  Univ.  of  Colorado.  1900, 
Scranton  Correspondence  Metal  Minmg.  For  three  years  after  this  and  during  my 
work  I  studied  cnemical  and  engineering  books  and  literature  in  a  definite  and  con- 
sistent manner.  1899-1902,  Aaat,  Chief  Chemist,  American  Smelt.  &  Ref.  Co., 
Philadelphia  Plant,  Pueblo,  Colo.  1902-04,  Chief  Chemist  and  Assayer,  Asst.  Supt., 
Bromination  and  chlorination.  General  Metals  Co^  Colorado  ^rinss,  Colo.  1904r-05, 
Chief  Chemist  and  Assayer,  chlorination  work,  Economic  mill,  \^ctor,  Colo.  1905, 
Chemist,  Copper  Queen  Smelter,  Douglas,  Aris. 

Present  position:  Asst.  Supt.,  Murray  Plant,  American  Smelting  &  Refining  Co. 
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Edouard  G.  Saladin,  New  York.  N.  Y. 

Proposed  by  Henry  M.  Howe,  Arthur  G.  Levy,  Albert  Snuveur. 

Bom  1856,  Nancy,  France.  1875-77,  Ecole  Pol3rtechnic.  Paris.  1877,  licencie 
et  Sciences  Physiques.  1877-80,  Ecole  Superieure  de  Mines  ae  Paris,  with  Diploma 
of  Civ.  Min.  Engr.  1887-88,  Central  laboratory,  Soci^t^  Internationale  de  £3ec- 
tricien,  Paris.  1^0-84,  Geolo^cal  surveys  in  France;  mining  explorations  in  Cochin, 
China,  Tonkin,  Greece,  Bosnia.  1884-86,  Copper  mines  of  Vigbnoes,  Norway. 
1886-^7,  Copper  mines  of  Companv,  Boleo,  Mex.  1888-91,  Saulter  Lemounier 
works,  Paris.  1891-94,  Mining  explorations  for  several  banks.  1896-98,  Supt. 
of  works,  Compagnie  des  placers  Hydrauligues  de  Junction  City,  Trinity  Co.,  CaL 
1898-14,  Engr.  (princmal)  of  Schneider  &  Co. 

Present  position:  Engr.,  French  Artillery  Commission. 

William -Noble  Smith,  Platteville,  Wis. 
Proposed  by  C.  A.  Wright,  H.  A.  Buehler,  Charles  Page  Perin. 
Bom  1878,  Cresco,  Iowa.     1897,  Univ.  of  Wisconsin,  S.  A.    Later  post-graduate 
work  in  geology  and  allied  subjects.     1904,  Asst.  Geol.,  U.  S.  Geological  Survey. 
Present  position:  1905  to  date;  Genl.  Mgr.,  Vinegar  Hill  Zinc  Co. 

Bugene  Austin  Stephenson.  Chicago,  111. 

Proposed  by  Albert  D.  Brokaw,  James  H.  Hance,  W.  H.  Emmons. 
Bom  1884,  Franklin,  Mich.     1905,  Adrian  College,  Adrian,  Mich.,  B.  S.     1915, 
Univ.  of  Chicago,  Ph.  D. 

Present  position:  Instmctor  in  Geology,  Univ.  of  Chicago. 

Harry  Dukehardt  Sultzer,  Butte,  Mont. 

Proposed  by  B.  H.  Dunshee,  George  E.  Moulthrop,  A.  A.  Zentner. 

Bom  1885,  Baltimore,  Md.  1899,  Grad.,  Butte  Public  Schools.  1899-1901, 
Butte  High  School.  1901-02,  Preparatoiy  course,  Montana  School  of  Mines. 
1907-11,  Montana  School  of  Mines,  E.  M.  1909-12,  General  Mining,  Butte.  1912-13 
Sampler  and  Asst.  Engr.,  Anaconda  Copper  Min.  Co.,  Butte.  1913-14,  Engr., 
Mont.,  ni.  Copper  Min.  Co.,  Cardwell,  Mont.  1914-15,  Sampler,  Anaconda  Copper 
Min.  Co. 

Present  position:  Asst.  Engr.,  Anaconda  Copper  Min.  Co. 

Percy  William  Thompson,  Fullerton,  Cal. 
Proposed  by  Andrew  C.  Lawson,  M.  L.  Requa^  Walter  Stalder. 
Bom  1881,  Ontario,  Canada.     1912,  Grad.,  XJmv.  of  Cal.,  College  of  Mining,  B.  S. 
1912-14,  On  geological  staff.  Standard  Oil  Co.,  Cal.,  WashinKton  and  Alaska. 
Present  position:  Asst.  Supt.,  for  one  of  the  Standard  Oil  Properties. 

George  H.  Utter,  SQver  City,  N.  M. 

Proposed  by  Thomas  H.  O'Brien.  Arthur  Notman,  Charles  A.  Mitke. 

Born  1854,  Green  Co.,  New  York.  Common  school  education  in  Conn.  Took 
special  courses  with  Prof.  Shedd,  a  graduated  chemist  and  mining  en^eer  with  whom 
I  was  associated  for  several  years,  he  as  an  assayer,  chemist  ana  mining  work  during 
the  early  eighties  in  Santa  Fe,  N.  M.  1881-85,  Assaying,  developing  examination 
prospects.  Assay  Office,  Santa  Fe,  N.  M.  1884,  Appointed  Fiscal  A^nt  of  N.  M. 
and  made  its  first  credit  by  the  sale  of  200,000  Capital  Building  Bonds.  1885,  At 
the  request  of  the  Santa  Fe  R.  R.  sold  all  of  the  Go's.  R.  R.  Aid  Bonds.  1886,  At 
the  request  of  the  town  of  Silver  City,  N.  M.,  was  grsmted  a  franchise  and  built  the 
Silver  City  Water  Works;  also  mining.  1887-93,  Mining  in  charge  of  Water  Works. 
1889-1915,  Purchased  the  Cleveland  group.  Developed  and  made  a  mine  during 
the  next  20  years,  also  other  mining  works,  including  examinations. 

Present  position:  Owner  and  Manager,  Carlisle  and  other  groups  of  developed 
mines. 

Frederick  A.  Voorhees,  Pearce,  Aris. 

Proposed  by  Abbot  A.  Hanks,  E.  H.  Leslie,  Edgar  A.  Collins. 

Bom  1881,  Hightstown,  N.  J.  1896,  Hightstown  High  School.  1897-1900, 
Peddie  Institute.  1901-04,  Time-keeper,  J.  W.  Burson,  Copper  prospect.  Wicken- 
bure,  Ariz.  1905-06,  Cyanide  Shift-boss,  Dos  Estrellas  Mm.  Co.,  Tlalpuhac:ua, 
Mich.,  Mex.  1906-07,  Assayer,  Aiuchitlan  M.  &  M.  Co.,  Tejasquiapan,  E.  de  Quire- 
toro,  Mex.  1907-08,  Smelter-Kennery  and  Zinc-house,  Per^;rina  M.  &  M.  Co., 
Guanajuato,  Gto.,  Mex.  1909-10,  Cyanide  Supt.,  Loreto  Mill,  Cia.  Real  del  Monte, 
Pachuca,  Hgo.  1911-13,  Mill  Supt.,  and  Asst.  Mgr.,  Bacio  G.  &  S.  M.  Co.,  Bacio, 
Dgo.,  Mex. 

Present  position:  Mill  Supt.,  Commonwealth  Min.  &  Mill.  Co. 
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Michael  T.  Wiliams,  Westonia,  Western  Aust. 

Proposed  by  W.  L.  Saunders,  Georp^e  A.  Howells,  L.  D.  Albin. 

Bom  1871,  Victoria,  Aust.  Matnculation  Standard,  Corporate  High  School. 
Bendigo,  Vict.  1899,  Certificate  of  Competency  as  Mine  Mgr.,  Bendigo  School  ot 
Mines,  Vict.  1892-1903,  Various  positions,  Johnson's  Reef  G.  M.  Co.,  Bendigo, 
Vict.  190a-04,  Acting  Mine  Mgr^  Johnson's  Reef  G.  M.  Co.,  Vict.  1904-06,  Mme 
Mgr.,  Watkins  Tin  Mm.  Co..  N.  S.  W.  1905-10,  Mine  Mgr.,  Arthur's  Creek  G.  M. 
Co.,  Vict.     1910-13,  Mine  Mgr.,  Central  Cookman's  G.  M.  Co.,  Maldon,  Vict. 

Present  position:  1913  to  date;  Genl.  Mgr.,  Edna  May  G.  M.  Co. 

A88ociaie  Member 

George  £.  Hayler,  Jr.,  Jopliki,  Mo. 

Proposed  by  Charlc»  T.  Orr.  Herbert  DeQ.  Taylor,  C.  A.  Wright. 

Bom  1871,  Ann  Arbor,  Mich.  1890-94,  Univ.  of  Mich.,  B.  ST  M.  £.  Associate 
Member,  American  Institute  of  Electrical  Engineers.  1894-98,  The  Gas  Electric 
Light  and  Power  Co.,  Van  Wert,  Ohio.  1898-99,  Served  one  year,  Spanish  American 
War.  1899-1902,  Genl.  Mgr.,  Gas  Electric  Light  and  Power  Co.,  Van  Wert,  Ohio. 
1902-04,  Engr.,  Auburn  Automobile  Co.,  Auburn,  Ind.  1904-05,  Engr.,  The  Arnold 
Co.,  Chicago.  1905-09,  Engr.,  Supt.,  Genl.  Mgr.,  The  Spring  River  Power  Co., 
Joplin,  Mo. 

Present  position:  1909  to  date;  Genl.  Mgr.,  Empire  District  Electric  Co. 

Junior  Member 

Lyle  Mazon  Barker,  Rolla,  Mo. 

Proposed  by  C.  R.  Forbes,  G.  H.  Cox,  D.  H.  Radcliffe. 

Bom  1894,  Hampton,  Iowa.  1911,  Grad.,  Fort  Pierre  High  School,  Fort  Pierre, 
S.  D. 

Present  position:  Student,  Missouri  School  of  Mines. 

Daniel  Bovdy  Toronto,  Ont.,  Canada. 

Proposed  by  George  A.  Guess,  H.  E.  T.  Haultain.  Frederick  C.  Dyer. 

Bom  1895,  Ireland.  Toronto  Public  Schools.  1907-11,  High  School,  Toronto. 
1911-12,  Toronto  Hydro-Electric  System.  1913  (summer),  Survejring  with  City  of 
Toronto.  1914  (summer)^  Inspecting  with  Citv  of  Toronto  Testing  Lab.  1915 
(summer),  Assasring,  Eustis  Mm.  Co.,  Eustis,  Quebec. 

Present  position:  Student,  Univ.  of  Toronto. 

Frederick  G.  Brenneman.  Eureka^  Colo. 

Proposed  by  F.  W.  Trapnagen,  Harry  J.  Wolf,  William  R.  Chedsey. 

Bom  1892,  Pottsville,  Fa.     1911,  Grad.,  Bellefonte  Academy,  Befiefonte,  Pa. 

Present  position:  Student,  Colorado  School  of  Mines. 

Robert  Heywood  Burrage,  Needham,  Mass. 

Proposed  by  Greorge  S.  Kaymer,  H.  L.  Smyth,  Raymond  B.  Ladoo. 

Bom  1^92.  Gardner,  Mass.  1909,  Grad.,  Roxbury  Latin  School,  Boston.  1913, 
Harvard,  A.  B.  1912,  Engr.,  White  Bauxite  Co.,  Fomeiy,  Ala.  1913,  Asst.  Engr., 
Chino  Copper  Co^  Santa  Rita,  N.  M.  1914,  Transitman,  B^  State  Street  Ry.  Co. 
1915,  Operator,  Machinist,  etc.,  Nevada  Cons.  Copper  Co.,  McGill,  Nev. 

Present  position:  Student,  Harvard  Univ. 

Wheaton  B.  Byers,  Cambridge,  Mass. 

Proposed  by  H.  M.  Boylston,  Albert  Sauveur,  F.  C.  Langenberg. 
Bom  1893,  Newton  Center,  Mass.     1915,  Harvard,  A.  B. 
Present  position:  Student,  Harvard  College,  in  Metallurgy. 

Rodney  S.  Cragin.  Rapid  City.  S.  D. 

Proposed  by  C.  C.  O'Harra,  T.  S.  Dunn,  Welton  J.  Crook. 

Bom  1894,  CaldwelL  Kans.  1908-11,  Caldwell  High  School.  1914  (summer), 
U.  S.  R.  S.,  Newell,  S.  D.  1916  (summer),  Assayer,  Rattlesnake  Jack  Min.  &  Mill. 
Co.,  Galena,  S.  D. 

Present  position:  Student,  S.  D.  School  of  Mines. 
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Seamore  A.  Crandall,  Seattle,  Wash. 

Proposed  by  Joseph  Uaniels.  MUnor  Roberts.  Charles  E.  Wearer. 

Bom  1888,  Rochester,  N.  Y.  1905-11  Whitworth  Academy,  Tacoma,  Wash., 
B.  S.  1901,  Mucking  in  mine.  Cascade  Mts.  1902-05  (summer  vacations),  in  Alin- 
ing. 1906-07,  Prospecting  in  Alaska.  1907-08,  Resmold-Alaska  Dev.  Co.,  Latoache, 
Alaska.  1910-12,  Development  work  on  mining  property  in  Alaska.  1914,  Cameron- 
Johnson  Co.,  Valdez,  Ala.  General  experience  m  management,  ptx>motion  and 
development  of  mining  properties. 

Present  position:  Student,  Univ.  of  Washington,  Secy-Treas.,  Pico  Free  Milling 
&  Mining  Co. 

Francis  R.  Curran,  Butte,  Mont. 

Proposed  by  C.  H.  Bowman,  D.  C.  Bard,  Bancroft  Gore. 

Bom  1892,  Walkerville,  Mont.  1909,  Gonzaga  College,  Spokane,  Wash.  1906- 
08  and  1910-11,  Butte  B^h  School. 

Present  position:  Student,  Montana  State  School  of  Mines. 

Fred  Alexander  Davies,  Minneapolis,  Minn. 

Proposed  by  W.  R.  Am>leby,  Peter  Christianson.  George  J.  Young. 

Bom  1894,  Aberdeen,  S.  D.  1907-11,  Central  Iligh  School,  MinneapoliSyMinn. 
1914  (summer),  Timberman,  Lincoln  Mine,  Virginia,  Minn.  1915  (summer).  Worked 
for  Smoke  Commission,  Anaconda  Copper  Mining.  Co.j  Anaconda,  Mont. 

Present  position:  Student,  Minnesota  School  of  Mmes. 

Paul  J.  Dennis,  Rapid  City,  S.  D. 

Proposed  by  C.  C.  O'Harra,  T.  S.  Dunn,  Welton  J.  Crook. 

Bom  1892,  Hot  Springs,  S.  D.  1907-11,  Hot  ^rings  High  School.  1912 
(summer),  Homestake  Min.  Co.,  Lead  City,  S.  D.  1915  (summer),  Trojan  Min. 
Co.,  Trojan,  S.  D. 

Present  position:  Student,  S.  D.  School  of  Mines. 

Richard  Merle  Fullaway,  Golden,  Colo. 

Proposed  by  William  B.  Phillips,  F.  W.  Traphi^n,  W.  G.  Haldane. 
Bom    1892,   Los   Angeles,    Cal.     1898-1907,    Common   School.     1907-11,   Los 
Angeles  High  School. 

Present  position:  Student,  Colorado  School  of  Mines. 

Murray  Garrison,  Golden,  Colo. 

Proposed  by  William  B.  Phillips,  F.  W.  Traphagen,  W.  G.  Haldane. 
Bom  1895,  Golden,  Colo.     1907-11,  Golden  High  School. 
Present  position:  Student,  Colorado  School  of  Mines. 

Charles  B.  Gauthier,  Golden,  Colo. 

Proposed  by  F.  W.  Traphagen.  Harry  J.  Wolf,  William  R.  Chedsey. 

Bom  1892,  Detroit.  Mich.     1911,  Grad.,  Westem  High  School,  Detroit,  Mich. 

Present  position:  Student,  Colorado  School  of  Mines. 

Joseph  H.  Hill,  Rapid  City,  S.  D. 

Proposed  by  C.  C.  O'Harra,  T.  S.  Dunn,  Welton  J.  Crook. 

Bom  1892,  Easthampton,  Mass.  1904-<)6,  Lakewood  SchooL  Lakewood,  N.  J. 
1906-08,  Rapid  City  High  School,  Rapid  Citv,  S.  D.  1908^-12.  S.  D.  School  of  Mines, 
Prep.  Dept.  1910-14  (summer),  Homestake  Mine,  Lead,  S.  D.  1915  (summer}, 
August  Mine,  Landusky,  Mont. 

Present  position:  Student,  S.  D.  School  of  Mines. 

William  J.  Hill,  Butte,  Mont. 

Proposed  by  C.  H.  Bowman,  D.  C.  Bard,  Bancroft  Gore. 

Bom  1892,  Oberlin.  Ohio.     1906-10,  South  Bend  High  School,  So.  Bend,  Ind. 

Present  position:  Student,  Montana  State  School  of  Mines. 

Kenneth  John  Hlebnikoff,  Reno,  Nev. 

Proposed  by  Francis  Church  Lincoln,  E.  A.  Julian,  Tasker  L.  Oddie. 

Bom  1892,  Khabarovsk,  Russia.  1911,  South  Dakota  School  of  Miaes.  1912-13, 
New  Mexico  School  of  Mines.  1914,  Travelling  experience  through  the  Westem 
Mining  Districts. 

Present  position:  Student,  Mackay  School  of  Mines. 
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John  Stone  Hoffman.  RoUa,  Mo. 

Ropoeed  by  C.  R.  Forbes,  G.  H.  Cox,  D.  H.  Radcliflfe. 

Bom  1892,  Leon,  Iowa.  1906-10,  High  School,  Van  Wert,  Iowa.  1910-12, 
Kemper  Military  School,  Boonville,  Mo.  1913  (summer).  Milling,  Dominion  Reduc- 
tion Co.,  Cobalt,  Ont..  Canada. 

Present  position:  Student,  Missouri  School  of  Mines. 

Eugene  Hogan,  Butte,  Mont. 

Proposed  by  C,  H.  Bowman,  D.  C.  Bard,  Bancroft  Gore. 
Bom  1893,  Helena.  Mont.  1908-12,  Butte  High  School. 
Present  position:  Student,  Montana  State  School  of  Mines. 

J.  Harlen  Johnson,  Rapid  City*,  S.  D. 
Proposed  by  C.  C.  O'Harra,  T.  S.  Dunn,  Welton  J.  Crook. 
Bom  1892,  Philadelphia,  Pa.     1906-10,  Central  Manual  Training  High  School, 
Philadelphia,  Pa.     1910-12,  S.  D.  School  of  Mines,  Prep.  Dept. 
Present  position:  Student,  S.  D.  School  of  Mines. 

William  Henry  Eamp,  RoUa,  Mo. 
Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  D.  H.  Radclifife. 

Bom  1892,  S.t  Louis,  Mo.  1907-11,  Yeatman  High  School,  St.  Louis,  Mo.  1914 
(summer),  Buffalo  Mines,  Ltd. 

Present  position:  Student,  Missouri  School  of  Mines  &  Metallurgy. 

Alyin  Thomas  Krogh.  Minneapolis,  Minn. 

Proposed  by  W.  R.  Appleby,  Peter  Christianson,  George  J.  Young. 

Bom  1893,  Necedah,  Wis.  1907-11,  South  High  School,  Minneapolis.  1913 
Rummer),  Mucker,  Miner,  Original  Mine  and  Bell  Mine,  Anaconda  Copper  Min. 
Co.,  Butte,  Mont.  1914  (summer).  Mucker,  Miller  Mine,  Aurora,  Mmn.  1915 
(summer),  Research  Dept.,  Anaconda  Copper  Min.  Co.,  Anaconda,  Mont. 

Present  position:  Student.    Minnesota  School  of  Mines. 

Harrison  M.  Lavender,  Grolden,  Colo. 

Proposed  by  William  B.  Phillips,  F.  W.  Traphagen,  W.  G.  Haldane. 

Bom  1889,  Scotland. 

Present  position:  Student,  Ck)lorado  School  of  Mines. 

Leslie  A.  Lind,  Butte,  Mont. 

Proposed  by  C.  H.  Bowman,  D.  C.  Bard,  Bancroft  Gore. 
Bom  1892,  Butte,  Mont.  1907-11,  Butte  High  School. 
Present  position:  Student,  Montana  State  School  of  Mines. 

Thomas  T.  Lyon.  Jr.  Butt,  Mont. 

Proposed  by  C.  H.  Bowman,  D.  C.  Bard,  Bancroft  Grore. 
Bom  1888,  .Quincy.  m.     1908,  Culver  Military  Academy. 
Present  position:  Student,  Montana  State  School  of  Mmes. 

Harold  Langdon  McClelland,  Cooksville,  Ont.,  Canada. 

Proposed  by  Geoige  A.  Guess,  H.  E.  T.  Haultain,  Frederick  C.  Dyer. 

Bom  1890,  Cooksville,  Ont.,  Canada.     1903-09,  High  School,  West  Toronto. 

1909-10,  Arts  Ck)urse,  Univ.  of  Toronto.    1914,  Assayer,  Cobolt  Lake. 

Present  position:  1913  to  date;  Student,  Mining  Course,  Univ.  of  Toronto. 

Byron  Alfred  McCrodan,  Belleville,  Ont.,  Canada. 
Proposed  by  George  A.  Guess,  H.  E.  T.  Haultain,  Frederick  C.  Dyer. 
Bom   1895,   Belleville.     1913,  Underground  work,   Cobalt,  Ont.     1914,  Under- 
ground work,  Queensboro.  Ont.     1915,  ]%loro  Min.  and  Reduction  Co.,  Deloro,  Ont. 
Present  position:  Student,  Univ.  of  Toronto. 

Roy  H.  McHardy,  Minneapolis,  Minn. 

Proposed  by  W.  R.  Applebyj  Feier  Christianson,  George  J.  Yoimg. 

Bom  1891,  Minneapolis,  Mmn.  1997-1906,  Public  School,  Minneapolis,  Minn. 
1906-10,  High  School,  Minneapolis,  Minn.  1914,  Oliver.  Min.  Ck).  1915,  Anaconda 
Copper  Min.  Co. 

Present  position:  Student,  Univ.  of  Minnesota. 
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Samuel  McKirahan,  Rapid  City,  S.  D. 

Proposed  by  C.  C.  O'Harra,  T.  S.  Dunn,  Welton  J.  Crook. 

Bom  1882,  Smith  Center,  Kans.  Common  School.  1900-07,  Miner.  1907-09. 
Genl.  Mgr.,  Geoivetown  M.  P.  &  T.  T.  Co.,  Georgetown,  Colo.  1909-12,  Leasinf 
at  Georgetown,  Colo.     1912^14,  Mgr.,  Loyal  Gold  M.  &  M.  Co.,  Denver,  Colo. 

Present  position:  Student,  S.  D.  School  of  Mines. 

Harold  Arthur  Neustaedter,  Rolla,  Mo. 

Proposed  by  G.  H.  Cox,  C.  R.  Forbes,  D.  H.  Radcliffe. 

Bom  1892.  St.  Louis,  Mo.  1898,  Public  School,  St.  Louis,  Mo.  1899-1900 
Private  School,  Mexico  City,  Mex.  1900,  Public  School,  St.  Louis,  Mo.  1902-03, 
Private  School,  Durban,  So.  Africa.  190^-04,  Private  School,  Boxbui^h,  So.  Africa. 
1904-05,  Dmry  Academy,  Springfield,  Mo.  1905-06,  Public  School,  St.  Louis. 
Mo.  190^-07,  Public  School.  St.  Louis,  Mo.  190^-07,  Public  School,  Lyon  Moun- 
tain. New  York.  1907-09,  Public  School,  Jersey  City,  N.  J.  1909-12,  Jersey  Qty 
Hign  School.     1915  (summer),  Arminius  Chemical  Co.,  Mineral,  Va. 

Present  position:  Student,  Missouri  School  of  Mines. 

Richard  G.  Places  Reno,  Nev. 

Proposed  by  Francis  Church  Lincoln,  E.  A.  Julian.  Tasker  L.  Oddie. 
Bom  1892,  Milwaukee,  Wis.     1912-13,  Univ.  of  Southem  Cal.     1914,  Colorado 
School  of  Mines. 

Present  position:  Student,  Mackay  School  of  Mines. 

Fred  S.  Porter,  Seattle,  Wash. 

Proposed  by  Joseph  Daniels,  Milnor  Roberts,  Charles  E.- Weaver. 

Bom  1890,  Mitchell,  So.  Dak.  1904,  Grad.,  Grade  School.  1908,  Grad.,  Hi^L 
School,  Mitchell,  So.  Dak.  1912,  Underground,  Bunker-Hill  and  Sullivan  M.  &  C. 
Co.,  KeUogg,  Idaho.  1913-14,  Underground  at  mining  and  13  months  in  the  engineer- 
ing office,^Llaska-Treadwell  Gold  Mm.  Co.,  Treadwell,  Alaska.  1915,  Miner  aad 
En^.,  Butte  and  Superior  Mine,  Butte,  Mont. 

Present  position:  Student,  Univ.  of  Washington. 

Walter  Herbert  Ralph.  Golden,  Colo. 

Proposed  by  William  B.  Phillips,  F.  W.  Traphagen,  W.  G.  Haldane. 

Bom  1892,  Glasgow,  Scotland.  1899-1905,  MacKay  &  Sutherland  English 
School,  Valparaiso,  Chile.  1907-10,  Mecheston  Castle  School,  Edinburgh,  ScotlaiMi 
Higher  education,  Scotland.  Litermediate  certificate  in  English,  Mathematics. 
German,  Spanish  and  Sciences.  1910-11,  Night  School,  Southport  Technical  k- 
stitute,  Southport,  England.  1911-12,  Night  School,  Liverpool  Technical  Institiiu. 
Liverpool,  England.  First  class  certincate  in  heat  engines  and  Applied  Sciencei 
1910-12,  Apprentice  to  Engineering,  Liverpool  Gas  Works,  Livexpool  and  Bootlf. 
England.  1914,  Laborer,  Colorado  School  of  Mines.  1915,  Timber-helper,  mucker, 
etc..  United  States  Smelt.  &  Ref.  Co.,  Bingham  Canyon,  Utah. 

Present  position:  Senior  Student,  Colorado  School  of  Mines. 

John  Gav  Reilly,  Rolla.  Mo. 

Proposed  by  C.  R.  Forbes,  G.  H.  Cox,  D.  H.  Radcliffe. 

Bom  1895,  St.  Louis,  Mo.  1907,  Public  [Schools,  St.  Louis,  Mo.  1909,  Smith 
Academy,  St.  Louis,  Mo.     1913,  Culver  Military  Academ3r^  Culver.  Ind. 

Present  position:  Jimior  Student,  Missouri  School  of  Mines  &  Metalluxi^. 

Harold  Edmunds  Sanford,  So.  Bethlehem.  Pa. 

Proposed  by  Joseph  W.  Bachards,  Howard  Eckfeldt,  W.  G.  Matteson. 
Bom  1894,  Pomeroy,  Wash.     1907-12,  Portland  Academy,  Portland,  Ore. 
Present  position:  Student,  Lehigh  Univ. 


Fred  W.  Sherman,  Rapid  City,  S.  D. 

Proposed  by  C.  C.  O'Harra,  T.  S.  Dunn,  Welton  J.  Crook. 


Bom  1886,  Ascotin,  Wash.  1900-11.  Grad.,  Litemational  Correspondencf 
School,  Civ.  Engrg.  1905-06,  Gold  Reef  Min.  Co.,  Giltedge,  Mont.  1907-On 
North  Butte  Min.  Co.,  Butte,  Mont.  1908,-  Anaconda  Cooper  Min.  Co.,  Butte 
Mont.  1909,  Gilmore  and  Pittsburgh  R.  R.  Co.,  Armstead,  Mont,  and  &dm(». 
Ida.  1910,  San  Pedro,  Los  Angeles  and  Salt  Lake  R.  R.  Co.,  Caliente,  Nev.  1911 
Great  Northern  Ry.  Co.,  Minot,  N.  D.  1913-15  (summer),  Spotted  Horoe  Mine, 
Maiden,  Mont. 

Present  position:  Student,  S.  D.  State  School  of  Mines. 
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Elwyn  L.  Smith,  Rapid  City,  S.  D. 

Proposed  by  C.  C.  O'Haira,  T.  S.  Dunn,  Welton  J.  Crook.' 

Bora  1892,  Monument,  Colo.  1906-09,  Colorado  Springs  High  School.  1911-12, 
S.  D.  School  of  Mines,  Prep.  Dept.  1911-12  (summer),  Homestake  Min.  Co.,  Lead, 
S.  D.  1913,  (summer)  Wasp  No.  2  Min.  Co.,  Platiron,  S.  D.  1914  (summer), 
Grolden  Reward  Min.  &  Mill.  Co.,  Deadwood,  S.  D. 

Present  position:  Student,  S.  D.  State  School  of  Mines. 

Frank  Augustas  Smith,  Golden,  Colo. 

Proposed  by  William  B.  Phillips,  F.  W.  Traphagen,  W.  G.  Haldane. 

Born  1894,  Los  Angeles,  Cal. 

Present  position:  Student,  Colorado  School  of  Mines. 

Chester  H.  Steele^  Butte,  Mont. 

Proposed  by  C,  Bl.  Bowman,  D.  C.  Bard,  Bancroft  Gore. 

Bom  1894,  Portland,  Ore.  1908-10,  Broadway  High  School,  Seattle,  Wash. 
1910-12,  ButtCj  High  School,  Butte,  Mont. 

Present  position:  Student,  Montana  State  School  of  Mines. 

Francis  Lewis  Stephenson|  Bethlehem,  Pa. 

Proposed  by  Joseph  W.  Richards,  Howard  Eckfeldt,  W.  G.  Matteson. 

Bom  1891,  Pittsburgh,  Pa.     1910,  Grad.,  Haverford  School.     1913,  Yale,  Ph.  B. 

Present  position:  Student,  Lehigh  Univ. 

Willis  B.  Strang,  Butte,  Mont. 

Proposed  by  C.  H.  Bowman,  D.  C.  Bard,  Bancroft  Gore. 
Bom  1895,  Billings,  Mont.     1909-1912,  Billings  High  School. 
Present  position:  Student,  Montana  State  School  of  Mines. 

William  Harrison  Whittier,  Seattle,  Wash. 

Proposed  by  Joseph  Daniels,  Milnor  Roberts,  Charles  £.  Weaver. 

Bom  1889,  Forks,  Wash.  1908  (summer).  Highway  constmction.  1909-11, 
Highway  location  and  construction,  Highway  Dept.,  Wash.  1911-12,  Chehalis 
Co.,  Cmise,  Chehalis  Co.,  Wash.  1912-13,  Land  and  Mine  surveying,  B.  C.  1913- 
14  (summer),  Surveying  and  placer  mining  in  West  Coutenay  (Jounty,  B.  C.  with 
Gore  &  McGregor  Co.,  Victoria,  B.  C.  1915  (summer).  In  B.  C.  for  James  Lasly 
&  Co.  of  Chicago,  New  Orleans,  Minneapolis,  Portland,  Ore.  and  Seattle,  Wash. 

Present  position:  Student,  The  University  of  Washington. 

S.  C.  Wong,  Butte,  Mont. 

Proposed  by  C.  H.  Bowman,  D.  C.  Bard,  Bancroft  Gore. 

Bom  1892,  Honolulu,  H.  I.  1907-11,  Territorial  Normal  School,  Honolulu. 
1913-15,  Michigan  School  of  Mines,  Houghton,  Mich. 

Present  position:  Student,  Montana  State  School  of  Mines. 

Changes  of  Address  of  Members 

The  following  changes  of  address  of  members  have  been  received  at 
the  Secretary's  office  during  the  period  Oct.  10  to  Nov.  10,  1915.  This 
list,  together  with  the  list  published  in  BvXLetin  Nos.  100  to  107,  April  to 
November,  1915,  and  the  foregoing  list  of  new  members,  therefore,  sup- 
plements the  annual  list  of  members  corrected  to  Mar.  1, 1915,  and  brings 
it  up  to  the  date  of  Nov.  10,  1915. 

Aldrich,  Truman  H.,  Jr 1026  Glen  Iris  Ave.,  Birmingham,  Ala. 

Anderson,  Robert  J Instr.  in  Metallurgy,  Univ.  of  Missouri,  Kolla,  Mo. 

Babb,  p.  a Avenida  Cinco  de  Mayo  No.  32,  Mexico  City,  D.  F. 

Beard,  James  T 126  St.  James  Place,  Brooklyn,  N.  Y. 

Beaton,  Norman  H.,  1005  Washington,  Bldg.,  Third  &  Spring  Streets, 

Los  Angeles,  Cal. 
Beeken,  Lewis  L.,  Camegie  Institute  of  Technology,  Schenley  Park,  Pittsburgh,  Pa. 
Blaylock,  D.  W.,  Min.  Engr.;  Div.  Engr.,  Big  Creek  Coal  Co.  of  Chicago, 

Harrisburg,  111. 

Boise,  Charles  W Care  M.  K.  Shaler,  4  Bishopsgate,  London,  E.  C,  England. 

BoTSFORD,  Robert  S.,  Krestovski  Ostrov,  Naberijnaya  Sredna  Nevki, 

Petrograd,  Russia. 
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Bbunton.  Fredebic  K 730  830x168  Bids.,  Denver,  Cok). 

ChaaBi  F.  D Apartado  29.  Monteie7y  Mezko. 

Chidesteb,  Walteb  Babclat,  Mine  Foreman,  St.  Anthony  Mine,  Lovejocka,  Ner. 

Chubch,  John  L Box  1123,  Los  Anj^Iea,  CaL 

CoLBB,  Henbt  0 Inroiration  Copper  Co^  Miami,  Am. 

Cook,  Fbedebick  S 103  West  Park  St.,  Portland,  Ore. 

CoBGBO,  John  Palmeb,  Chief  Engr.,  Wilfley  Co.,  Ltd.,  3  ft  4  Clements  Inn, 

Strand  London,  W.  C,  England. 

Cboston,    John   J Miami,    Aris. 

Bake,  Walteb  M.,  jB.,Mill  Supt —  Aurora  Consolidated  Mines  Co.,  Aurora,  Ner. 

Davison,   Geobgb  L Buchanan,    Mich. 

Day,  David  T Adams  Bldg.,  1333  F.  St.,  N.  W.,  Washington,  D.  C. 

Dbavitt,  W.  J 112  Mills  Bldg.,  ETPaao,  Tei. 

Delano,  Fbedebic  A 294  Treasury  Bldg.,  Washington,  D.  C. 

Dewet,  F.  P 1232  Massachusetts  Ave..  N.  W.,  WashiK^gton,  D.  C. 

Dodge,  W.  E 415  W.  Highland  Ave.,  Shawnee,  Okk. 

Dresseb,  John  A 326  Notre  Dame  de  Grace  Ave.,  Montreal,  Canad&. 

DwTEB,  C.  Eustace Superior,  Mont 

Eable,  Theodore Box  311,  Hartsdale,  N.  Y. 

Eldbedge,  Robert  B,  Experimental  Dept.,  Portland  Gold  Min.  Co., 

Colorado  Springs,  Cok. 

Elus,  William  N Care  The  Northport  Smelt,  ft  Ref .  Co.,  Northport,  Wa^ 

Evans,  Cadwalladeb,  Jb 1602  Mimroe  Ave.,  Scranton,  Fl 

Fellenceb,  Chables  a.  .  .Care  Jorge  Mercado,  Buenaventura,  Colombia,  So.  Amer. 

Fbbgubon,  Claude Cherry,  Aiii. 

Foebteb,  Hallabd  W , Nampa.  Idaho. 

FoBD,  Habold  P Box  472,  Lead,  So.  Dak 

Foss,  Theodobe Kronverksky  prosp.  Nr.  5,  Log.  9,  Petrograd,  Rosss. 

Gheub,  Ernest Brazeau  Collieries,  Ltd.,  Nordegg,  Alberta,  Canada. 

Gbiffin,  FlTZ  Rot  N Langfield,  BuderComwall,  Ehgland. 

Gboss,  John 623  McPhee  Bldg.,  Denvei,  Colo- 

Hall,  Robebt  G.,  Met.  Engr.;  Genl.  Mgr.,  River  Smelt,  ft  Ref.  Co., 

722  Chestnut  St.,  St.  Louis,  Mo. 
Hange,  James  H,  Min.  Engr.,  Asst.  Prof,  in  Geology,  State  University  of  Iowa, 

Iowa  City,  I&. 

Habdeb,  Edmund  C Min.  Geol.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

Hase,  Hebman  Cabl 711  Mills  Bldg.,  El  Paso,  Tex. 

Hatdbn.  Wallace  H 64^-63rd  Ave.,  West  Allis,  Wi»- 

Hess,  K.  F Flotation  Foreman,  Detroit  Copper  Min.  Co.,  Morenci,  Am. 

H1BB8,  Joseph  G Devon,  Pa. 

Hill,  Charles  R University  Qub,  Denver,  CoJo. 

Hilton,  Hugh  Gebald,  Asst.  Genl.  Supt.,  Care  Ella  Furnace  Co., 

West    Middlesex,    V%. 

Hodson,  Fbedsbick  W Asst.  Engr.,  Big  Creek  Coal  Co.,  Canton,  DL 

HooKEB.  Bbian 4  St.  James  Buildings,  William  St.,  Melbourne,  Vic,  Aust. 

Howe,  Albion  S Instructed  to  hold  everything. 

Jansen,  P Lebong  Tandai  (Benkoelen),  Sumatra,  O.  eTi. 

Jabvis,  Royal  P Instructed  to  hold  all  mail 

Johnson,  C.  B 166  W.  94th  St.,  New  York,  N  Y. 

Kbb,  Harry  Atwood 1963  Pennsylvam'a  Ave.,  Los  Angeles,  Cal. 

Kelley.  C.  F.,  Care  Anaconda  Coppei  Min.  Co.,  42  Broadway,  New  York,  N.  Y. 

Ladd,  David  H Care  Houghton  National  Bank,  Houghton,   Mich. 

Lamb,  Robert  B Room  1809,  43  Exchange  Place,  New  Yoric.   N.  Y. 

Lawrence.  Willis,  Genl.  Mgr Merger  Mines  Co.,  Goldfield,  Nev. 

Lawshe,  Vbrner  T 366  Mt.  Prospect  Ave.,  Newark,  N.  J. 

Lewyn,  Oswald  M.,  Min.  Engr.,  Care  Union  Miniere  de  Haut  Katanga,  Eliaabethvflie. 

via  Capetown,  Belgian  Congo,  S.  Afiicai 
Low,  V.  F.  Stanley,  Care  The  National  Bank  of  Australasia, 

Bishopsgate,  London,  E.  C,  Engjand. 
LucKE,  P.  K.,  Cons.  Min.  Engr.,  Cia.  Minera  de  Penoles,  Box  777,  El  Paso,  Tex. 

McKiNLAY,  William  B 618  West  187th  St.,  New  Yoric,   N.  Y. 

McLeod,  Howard  D Engineering  Dept.,  Tacoma  Smelt.  Co.,  Tacoma,  Wasfc. 

Magnus,  Benjamin,  Care  General  Development  Co.,  61  Broadway,  New  York,  N.  Y. 

Matlack,  E.  V 616  Bompart  St.,  Webster  Grove,  Ma 

Millard,  Wilmam  J.,  Care  Angus  Marshall,  Box  707,  Port  Arthur,  Tex., 

Forward  to  Apartado  212,  Tampico^  Mex. 
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Morton,  Erle  D 6001  Eleanor  Aye»  Los  Angeles,  Gal. 

MuNBO,  CHARLE8.  H 417  Hobart  Bldg..  San  Francisco,  Cal. 

Musgrayb,  Robert Duncan,  Vancouver  Island,  B.  C,  Canada. 

Newell,  Arthxtr 401  W.  Third  St.,  Anaconda,  Mont. 

0l8Bn,  Charles  O Box  262,  Kellogg,  Idaho. 

OsTER,  William  T Clayton,   Idaho. 

Pallansch,  RoLLiN  A 236  South  3rd  East  St.,  Salt  Lake  City,  Utah. 

Peschsl,   William  M 51  A.  R.  F.  D.  2,  Lewiston.   la. 

Pritchard,  D.  Gurung Box  2822,  Johannesburg,  Transvaal,  So.  Africa. 

Reed,  William,  Chemist,  Care  London  County  and  Westnunster  Bank, 

52  East  India  Dock  Rd^  Limehouse,  London,  E.,  England. 

Reid,  John  Callum Second  Street  &  Jackson  Ave^  McAlester,  Okla. 

RicxARD,  Brent  N American  Smelt.  &  Ref.  Go^  Garfield,  Utah. 

Rockwell,  Fred  G Cleveland-Cliffs  Iron  Co.,  Gwinn,  Mich. 

Sanders,  C.  C Pataeonia,  Aiiz. 

ScHLACKs,  Charles  H Box  1371,  Philadelphia,  Pa. 

Schlereth,  C.  Quinn,  Genl.  Supt.,  Cia.  Minera  de  Penoles, 

Box  777,  Mapimi.  Durango,  Mex. 

Schnepp,  Charles  F Cobalt,  Ont.,  Canada. 

Scott,  Archie Hillside,  Tuarte,  Cal. 

Shaw,  S.  F Care  Dairy  Farm  Mine,  Van  Trent;  Cal. 

Sheafe,  Harrt  J 312  Union  League  Bldg.,  Los  Angeles,  Cal. 

Smith,  Henry  P Box  491,  La  JoUa,  Cal. 

Stack,  Frank  Lawrence,  Care  Cerro  de  Pasco  Min.  Co., 

Cerro  de  Pasco,  Peru,  So.  Amer. 
Steele,  Walter  L,  Vice-Prest.  &  Genl.  Mgr.,  Mineral  Milline  Co., 

Hazel  Mines,  Van  Horn,  Tex. 

Stisbel,  H.  J 84  Main  St.,   Meaderville,   Butte,   Mont. 

SuTDAH,  A.  G 130  Haydfen  St.,  Cripple  Creek,  Colo. 

Swart,   Walter  G 807  Sellwood  Bldg.,   Duluth,   Minn. 

SwBETSER,  Arthur  L.,Geiil.  Mgr  Lynnfield  Chemical  Co.^ Lynnfield^  Mass. 

Thomas,  Charles,  S.  Jr Care  Mercantile  Trust  Co.,  St.  Louis,  Mo. 

Thomas,  George  S Care  New  Park  Hotel,  Park  City,  Utah. 

Thornhill,  E.  Bryant Gray  Summit,  Mo. 

TiTswoRTH,  Frederick  S .La  JoUd,  Cal. 

Varden,  Richard  Arthur,  Min.  Engr.,  Great  Boulder  Perseverance  G.  M.  Co., 

Fimiston,  Western  Aust. 

Vrang,  Christion  M Stanford  University,  Cal. 

Wang,  Y.  Tsenshan Shanghai,  China. 

Warner,  R.  K Box  601,  Ouray,  Colo. 

Wbatusrbt,  William  J.  Min.  Engr.;  Prest.  &  Mgr.^  The  Oaks  Co., Alma,  N.  M. 

Weigel,  W.  M.,  Asso.  Prof,  of  Mining,  Pennsylvania  State  College,  State  College,  Pa. 

West,  Haarlem  E 6272.Chabot  Road,  Oakland,  Cal. 

Westbrvblt,  E.  W Ludwi^  Nev. 

White,  Charles  Kenneth,  Min.  Engr.;  Surveyor,  Alaska  Juneau  Gold  Mm.  Co., 

Juneau,  Alaska. 

Williams,  John  Charles 1102  E.  4th  Ave^  Denver,  Colo. 

Williams,  John  T 100  Broadwajr,  New  York,  N.  Y. 

YosmwARA,  SmGETAKE Dairi  Metallurgical  Dept.,  Dairi,  Moji,  Japan. 

Young,  C.  M..  .  .'.Associate  Editor,  Coal  Age  &  Colliery  Engineer,  Scranton,  Pa. 

Changes  of  Address  of  Mei£bers  not  yet  Confirmed 

Adams,  John  H 612-8th  Ave.  W.,  Birmingham,  Ala. 

Browning,   Edward Devon,   Pa. 

Donnelly,  Thomas  F Blackburn,  Summit,  N.  J. 

FisHEB,    Howell    T Heathcote    Inn,    Scarsdale,    N.    Y. 

MacDonald,  Augustus  . , Box  207  R.  F.  D.,  San  Gabriel,  Cal. 

MuRPHT,    E.    M 1720   E.    12th    Ave.,    Spokane,    Wash. 

PiNCHOT.  GiFFOBD Milford,  Pike  Co.,  Pa* 

RUBBL,  Milton  L 1507  North  10th  St.,  Philadelphia,  Pa] 

Walter,  E.  W Care  Bishop  Creek  Milling  Co.,  Bishop^  Cal] 

Wtman,  George  H»  Jr Boise.  Idaho] 

Zeller,   Howard   Patterson Care  Toledo  Furnace  Co.,   Toledo,  O* 
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Addresses  of  Mei£bbrs  Wanted 

Name.  Last  address  of  Record,  from  which  Mail  has  been  Returned. 

AuER,    Charles    I Estacion    de    Pedricena,    Hhirango,   Mex 

Bell,   D.  A.  S 136  McLaren  St.,   Ottawa,  Canads. 

Blow,   John  J 172  Rodney  St.,    Brooklyn,  X.  Y. 

BoYB,  Harry  R c/o  Aurora  Cons.  Min.  Co.,  Aurora,  Ner 

Bunker,  Charles  Emmons Promontorio,  Estacion  Chinacates,  Ouran^,  Mei 

Butler,    John   S Apartado    132,  San   Luis    Potosi,   Mex. 

Campbell,  W.  C 4  Princess  St.,  Roodeport,  Transvaal^  So.  Afric-. 

Chamberlain,  John  R El  A^ila  Oil  Co.,  Apartado  150,  Tampico,  Tamps.,  ^Ie\. 

Clerc,  Camille 92  Rue  Jouffrey,  Paris,  Frant^. 

Cole,  Robert  J McKay  Apts.,  7th  &  Pike  Sts.,  Seattle,  Wash 

CoLUNS,  W.  J 222  Mathilda  St.,  Pittsbuigh,  P* 

Cook,  Paul  Richardson 4159  Grand  Boulevard^  Chicago.  II! 

Crary,  Charles  N Kunberly,  Nct. 

DowLER,    Harry   P Penn    Mary   Coal   Co.,    Heilwood,  Pi 

DuppiN,   James Box   204,    Chiratera,   Cananea,    Sonora,   M*^^ 

Eaton,  Edwin  R Manatawny  Bessemer  Ore  Co.,  Manatawny,  P?. 

Elliot,  John  L 54  New  Broad  St.,  London,  E.  C,  Englaci 

FiNLEY,   Walter  H Logmont,  Ky 

Goedicke,    Carl Box   535,    San    Antonio,   Tei 

GoRDON-FiREBRACE,  WiLUAM  E. . .  .812  Salisbury  House,  London,  E.  C^  EngUnc 

Graves,  McDowell 949  Atlantic  Ave.,  Long  Beach,  Cil 

Gunther,    C.    Godprey Stratford,   Coor 

Hamilton,  Arthur  L 701  W.  14th  Place,   Chicago.  L 

Hebbard,  Austin Box  98,  Langlaa^te,  Transva&l,  So.  Mn<^ 

Helm,  J.  D Apartado  1277,  Mexico  City,  Mf^ 

HoLDEN,    Roy    J Blacksbuig,    Va 

Hyde,  James  M 1841  Shattuck  Ave.,  Berkeley,  Cil 

Jones,  Thomas  J Kyshtim  Min.  Wks..  Perm  Govt.,  Russia,  via  Petrograc 

Kerr,  D.  Gillespie Comederation  Life  Bide.,  Toronto,  Gaiia*ii 

KirklanD;  T.  C.,Cia.  Met.  y  Refinadora  del  Pacifico,  S.  A.,  Fundicion,  Son.,  Me 
KiTsoN,  Howard  W.,  c/o  British  Columbia  Copper  Co.,  Voight's  Camp,  B.  C,  Canaxli 

Knoertzer,    Henri 56    Rue    Balagny,    Paris,    France 

KuRjB,   F.   M 625  1.   W.   HeUman  Bldg.,  Los  Angeles,  Ca) 

Lamb,  William  H.,  Jr Boyles,  Ah 

Langley,  Sbth  S 601  W.  190th  St.,  New  York,  X.  Y 

Lawrence,    T.    J Topia,    Durango,     Mciifi' 

Le  Noir,  Frank  H Douglas,  Alasb 

McCarrick,  E 628  N.  Serrano  Ave.,  Los  Angeles,  Cai. 

McKim,  John  W 532  Dooly  Block,  Salt  Lake  (Sty,  Ut&b 

Main  WARING,  H.  M.  C Chillagoe,  Ltd.,  Chillagoe,  Queensland,  Aost. 

Menepee,  Arthur  B 1440  Fourth  Ave.,  Louisville,  Ky. 

Miller,   Frank   Barton Blair,   Esmeralda   Co.,  N>v 

Morris,  Charles  E Morris  &  Flint,  Pony,  Madison  Co.,  Mont. 

Nash,  Willard  H 297  Delaware  Ave.,  Buffalo,  N.  V. 

Newberry,    R.    W Box   1477,    Bisbee,  Am 

Newman,    Bruno Apartado   90,    Aguascalientes,   Mei. 

Nobs,  Frederick  W La  Leonesa,  Matagalpa,  Nicaragua,  C.  .t 

NoRRiE,  William  G Lucky  Jim  Zinc  Mines,  Three  Forks,  B.  C,  Canada. 

Palmer,  Cortlandt  E 2  Rector  St.,  New  York,  N.  V 

Pinkham,  W.  F Battle    Mountain,    Ner. 

Porter,  Robert  S c/o  Fortifications,  Culebra,  Canal  Zaie. 

Pretyman,  Frank  Remington Oyster  Bay,  L  L 

Prichard,   Will  A Room  711,   111   Broadway,   New   York,  N.  Y. 

Ralph,  Edward  W Boston  Elly  Min.  Co.,  Kimberly,  Nev- 

Rambo,  William  C.  J 1160  York  St.,  Denver,  Cole 

Revell,   George  E Box  132,   Nelson,   B.   C,  CBinsda. 

Reynolds,  L * Box  857,  Nelson,  B.  C,  Canada. 

Rhodes,    William    B Golden,    C<Ao. 

Robinson,  Harry  O Calle  Madrid  15,  Mexico  City,  Mes. 

Rodriquez,  Juan  C Apartado  87,  Saltillo,  Coahuila,  Mei 

Sale,  Andrew  J Giroux  Cons.  Mines  Co.,  Kimberly,  Nev. 

Schindler,   Donald  F 215  No.   Murray  Sty   Madison,  Wi« 

Seibert,  Percy  A Hagerstown,  Md 
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SiMiNGTON,  Francis  J,  8455  Stoney  Island  Ave.,  Jackson  Park  Sta,  Chicago,  111. 

Stacpoolb,  Stephen  W 3a  Avenida  de  la  Libertad,  No.  5  Ariz.  Mex. 

Stanley.  Jambs 147  Holland  Road,  Kensington,  London,  W.,  England. 

Steel,  Donald 202  Emerson  St.,  Palo  Alto,  Cal. 

Stillwaqon.  Sam  C 329  W.  68th  St^  New  York,  N.  Y. 

Stoddart,  a.  W 638  Salisbury  House,  London  Wall,  E.  C^  England. 

Sullivan,  Willard  P The  Heniy  Walke  Co.,  Norfofic,  Va. 

Sunderhauf,  a.  E Paramaribo,  Dutch  Guiana,  So.  Ainer. 

Teel,  Wiluam  H 205  19th  Ave.,  N.,  Seattle,  Wash. 

Turner,  Charles  E.,  Huelva  Cop.  &  Sulphur  Mines,  Valdelamysa,  Huelva,  Spain. 

Van  Nbss^  W.   W 622  Salisbury  House,  London  Wall,  London,  England. 

Welsh,   Norval  J.   E Organ,  N.  M. 

Wentworth,  Irving  H.,  245  Belden  Ave.,  Harlandale  Addition,  San  Antonio,  Tex. 

West,  William  C Peterson  Lake  Min.  Co.,  Cobalt.  Ont.,  Canada. 

Wilcox,  Ralph Curanilahue,  Chile,  So.  Amer. 

Wraight,  Ernest  A.,  63  Wavertree  Road,  Streatham  Hill,  London^.  W.,  England. 

Wright,     Jesse    T Wallace,     Idaho. 

Yeandle,  Wiluam  H.,  Jr.,  c/o  Guilermo  Brockmann,  2a  Capuchinas,  No.  55, 

Mexico,  D.  F. 
Young,  CD Penn.  R.  R.  Co.,  Altoona,  Pa. 

Necrology 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  period  Oct.  10  to  Nov.  10,  1915: 

Date  of  Name.  Date  of  Decease. 
Election. 

1900  •♦Baggaley,     Ralph Sept.  23,  1915. 

1910  *Blackmar,   Frank   H Sept.  29,  1915. 

1900  •Nack.    Charles Sept.  27,  1915. 

1914  ♦Cobeldick,    W.    Morley Oct.  1915. 

1887  •Hammond,    Isaac   B Sept.  21,  1915. 

1906  •Hoffmann,   John  I Sept.  15,  1915. 

1915  •Nelson,  Carl  N Aug.  14,  1915. 

1912  •Parsons,    Roscoe   R.   S Aug.  27,  1915. 

Isaac  B.  Hammond  was  born  May  24, 1844,  at  Lamb's  Corners,  N.  Y. 
During  his  childhood,  the  family  removed  to  Kankakee,  111.,  and  at  the 
age  of  23  Mr.  Hammond  pushed  stiU  farther  west,  and  entered  the  service 
of  the  Union  Pacific  R.  R.,  in  the  construction  department  of  which  he 
served  until  the  transcontinental  line  was  completed.  He  then  went 
to  Deadwood,  and  was  engaged  for  many  years  in  the  manufacture  of 
stamping  and  other  machinery  used  in  the  production  of  gold.     In 

1888  he  went  to  Alaska,  whence  he  was  sent  to  London  to  purchase  a 
120-stamp  mill  for  use  in  the  notorious  Bear's  Nest  mine,  near  Douglas. 
After  the  collapse  of  that  enterprise,  Mr.  Hammond  bought  the  machin- 
ery and  brought  it  to  Portland,  Ore.,  where  he  organized  the  Union 
Electric  Power  Co.  and,  a  year  later,  the  Hammond  Manufacturing 
Co.,  of  which  he  was  President  for  25  years.  In  1911  he  retired  from 
active  business,  and  on  Sept.  21,  1915,  he  died,  after  three  weeks'  illness, 
from  arterial  sclerosis,  complicated  with  other  diseases. 

As  one  of  the  pioneer  manufacturers  of  Portland,  Mr.  Hammond  had 
much  to  do  with  the  progress  of  that  city,  and  was  at  one  time  President 
of  its  Board  of  Trade.     He  became  a  member  of  the  Institute  in  1887. 

Roscoe  R.  S.  Parsons,  a  member  of  the  Executive  Committee  of 
the  St.  Louis  Section  of  the  Institute,  and  a  member  of  the  Institute 
since  1912,  died  on  Aug.  27,  1915,  at  the  close  of  a  month's  vacation  on 
the  Pacific  Coast.    Apparently  in  good  health,  Mr.  Parsons  was  sud- 
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denly  attacked  with  acute  indigeBtion  that  in  a  few  hours  terminated 
his  life. 

Mr.  Parsons  was  born  at  Bonne  Terre,  Mo.,  on  Oct.  5,  1875,  and 
spent  his  years  with  the  St.  Joseph  Lead  Co.  His  father,  Charles 
B.  Parsons,  was  the  first  superintendent  of  this  now  famous  company, 
and  on  his  shoulders  fell  the  task  of  building  up  and  successfully  con- 
xlucting  a  business  confronted  by  various  financial  and  technical  dif- 
ficulties requiring  unusual  courage  and  determination. 

Mr.  Parsons  returned  to  Bonne  Terre  and  entered  the  employ  of 
the  company  as  his  father's  assistant  after  taking  the  hterary  course 
at  Princeton  University.  Upon  the  death  of  the  latter  a  few  years  ago, 
he  became  the  general  superintendent,  more  recently  and  since  the 
consolidation  of  that  company  with  the  Doe  Run  Lead  Co.  having 
served  as  vice-president  and  resident  director  of  the  St.  Joseph  Lead  Co. 

Mr.  Parsons  had  a  keen  interest  in  the  local  affairs  of  Bonne  Terre, 
a  mining  town  of  about  5,000,  was  an  active  worker  in  building  up  and 
improving  social  conditions  there,  and  was  very  popular  with  the  em- 
ployees of  the  company.  Although  always  vested  with  authority,  his 
great  influence  with  the  miners  gained  for  him  a  fellow  feeling  and  he 
was  regarded  rather  as  the  Big  Brother  of  the  community,  endearing 
himself  to  all  by  his  kind  disposition,  gentle,  thoughtful  and  lovable 
character.  Fortunate  and  blessed  indeed  are  they  who  depart  from  this 
earth  leaving  behind  such  tender  memories,  and  the  manifest  love  and 
respect  that  he  won  from  those  who  knew  him. 

He  is  survived  by  a  wife  and  daughter. 

H.  A.  Wheeleb. 
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EXSCUnVE  COMMITTEES  OF  LOCAL  SECTIONS 

Ntw  York 
Meets  fint  Wednesday  after  first  Tuesday  of  eaoh  month. 

DAVID  H.  BROWNE,  Chainnan,  JOHN  H.  JANEWAY,  Yic9-Chairman. 

F.  E.  PIERCE,  Seeretary,  85  Nassau  St.,  New  York,  N.  Y. 
P.  A.  MOSMAN,  TrMturer. 
LEWIS  W.  FRANCIS.  BENJAMIN  B.  LAWRENCEi 

Boston . 

Meets  first  Monday  of  eaoh  winter  month. 

HENRY  L.  SMYTH,  Chairman.  ALFRED  C.  LANE,  Vu»-Chdirman, 

HENRY  A.  WENTWORTH,  SsGreiary-TrMnwert  00  India  St.,  Boston,  Mass. 
A.  H.  EUSTIS.  F.  Q.  8TANTIAL. 

Columbia 

Holds  four  sessions  during  year.    Annual  meeting  in  September  or  October. 
FRANK  A.  ROSS,  Chairman,  RUSH  J.  WHITE,  Vic0-Cha$rman. 

LYNDON  K.  ARMSTRONG,  Steretary-Treatur^r,  P.  O.  Drawer  2154,  Spokane,  Wash. 
FREDERIC  KEFFER.  FRANCIS  A.  THOMSON. 

Puget  Sound 
Meets  second  Saturday  of  eaoh  month. 

GLENVnXB  A.  COLLINS,  Chairman.  H.  L.  MANLEY,  Vice-Chairman. 

AMOS  SLATER,  Sleer^tarv'Treaturm',  1043  Henry  Bldg.,  Seattle,  Wash. 
I.  F.  LAUCKS. 

Southern  Cdlijomia 

SEELEY  W.  MUDD,  Chairman.  C.  COLCOCK  JONES,  Vie^-Chairman. 

FREDERICK  J.  H.  MERRILL,  Stcrttarv'TruMwr^r,  631  Higgins  Bldg.,  Los  Angeles,  Cal. 
RALPH  ARNOLD.  A.  B.  W.  HODGES. 

A.  B.  CARPENTER.  WILLIAM  F.  STAUNTON. 

Colorado 

CHARLES  A.  CHASE,  Chairman.  S.  A.  lONIDES,  Vie^Chairman. 

C.  LORIMER  COLBURN,  Secreiarv-TrwwrtT,  614  Ideal  Bldg.,  Denver,  Colo. 
FRED  H.  BOSTWICK.  W.  G.  SWART. 

Montana 

FRANK  M.  SMITH,  Chairman.  JAMES  L.  BRUCE,  Vie^Chairman. 

DARSIE  C.  BARD,  Secretary,  Montana  State  School  of  Mines,  Butte,  Mont. 
FREDERICK  LAIST.  W.  C.  SIDERFIN. 

San  Francisco 

Meets  second  Tuesday  of  each  month. 
G.  HOWELL  CLEVENGER,  Chairman.  C.  W.  MERRILL,  Vic&<:hairman. 

JAMES  C.  RAY,  SecreUxry-Treauwrer,  1235  Webster  St.,  Palo  Alto,  CaL 
F.  W.  BRADLEY.  ANDREW  C.  LAWSON. 

Pennsyhania  Anthracite  Section 

R.  V.  NORRIS,  Chairman. 
CHARLES  F.  HUBER,  Viee-Chairman.  EDWIN  LUDLOW,  Viee-Chairmtin. 

W.  J.  RICHARDS,  Viee-Chairman.  ARTHUR  H.  STORRS,  Vice-Chairman. 

CHARLES  ENZIAN,  SeereUary-Treaewrert  U.  S.  Bureau  of  Mines,  Wilkes-Barre,  Pa. 
DOUGLAS  BUNTING,  FRANK  A.  HILL,  ALBERT  B.  JESSUP. 

RUFUS  J.  FOSTER,  JOHN  M.  HUMPHREY,  ROBERT  A.  QUIN. 

St.  Louie 

ARTHUR  THATCHER,  Chairman.  R.  A.  BULL,  Viee-Chairman. 

WALTER  E.  McCOURT,  S^cretary-Treaeurer,  Washington  Uniy.,  St.  Louis,  Mo. 
H.  A.  BUEHLER.  R.  R.  S.  PARSONS.  HERBERT  A.  WHEELER. 

Chicago 

ROBERT  W.  HUNT,  Chairman.  J,  A.  EDE,  Vice-Chairman. 

HENRY  W.  NICHOLS,  SecretanhTreaeurer,  Field  Museum  of  Natural  History,  Chicago,  111. 
F.  K.  COPELAND.  G.  M.  DAVIDSON. 

Utah 

C.  W.  WHITLEY,  Chairman.  WALTER  FITCH,  Viee-Chairman. 

ERNEST  GAYFORD,  Seeretary-Treaewer,  159  Pierpont  Ave.,  Salt  Lake  City,  Utah. 
E.  L.  CARPENTER.  WILLIAM  WRAITH. 


xlviii  Monthly  Bulletin  No.  108,  Dbcei£ber,  1915 

STANDING  COMMITTEES 
Bxecutkf 

WILLIAM  L.  SAUNDERS,  CJUrirmaM. 
QEORGB  D.  BARRON.  JOSEPH  W.  RICHARDSi 

SIDNEY  J.  JBNNINOa  BENJAMIN  B.  THAYER. 

MmnbetMp 

JOHN  H.  JANEWAY,  Chairmnn. 
KARL  EmERS,  LOUIS  D.  HUNTOON, 

LEWIS  W.  FRANCIS.  ARTHUR  L.  WALKER. 

Finance 

GEORGE  D.  BARRON,  CJuAtmrnn. 
ALBERT  R.  LEDOUX«  CHARLES  F.  RAND. 

lAhfOty 

E.  GYBBON  SPILSBURY.  Chairman,^ 
KARL  EILERS,*  R.  F.  ROEBER. 

ALEX  O.  HUMPHREYS.^  BRADLEY  STOUGHTON. 

Papen  and  PvbUeaHon$ 

BRADLEY  STOUGHTON.  Chmrman, 

■ZBOUTITa  OOUMITTBa 

KARL  EmERS,  E.  F.  ROEBER. 

LEE  O.  KELLOGG.  GEORGE  C.  STONE. 

JOSEPH  W.  RICHARDS.  SAMUEL  A.  TAYLOR. 

J.  L.  W.  BIRKINBINE.  HEINRICH  O.  HOFMAN.  R0S8ITER  W.  RAYMOND, 

WaLIAM  H.  BLAUVELT  WALTER  E.  HOPPER,  THOMAS  T.  READ, 

H.  A.  BRASSERT,  HENRY  M.  HOWE.  ROBERT  H.  RICHARDS, 

WnXIAM  CAMPBELL,  LOUIS  D.  HUNTOON,  L.  D.  RICKETT8. 

R.  M.  CATLIN.  J.  E.  JOHNSON.  JR..  HEINRICH  RIEa 

ALLAN  J.  CLARK,  WILLIAM  KELLY,  RENO  H.  SALES. 

FREDERICK  G.  COTTRELL,  JAMES  F.  KEMP,  ALBERT  8AUVEUR, 

NATHANIEL  H.  EMMONS,  CHARLES  K.  LEITH,  HENRY  L.  SMYTH. 

JOHN  W.  PINCH,  ANTHONY  F.  LUCAS.  A.  A.  STEVENSON. 

CHARLES  H.  FULTON  EDWARD  P.  MATHEW80N,  RALPH  H.  SWEET8ER, 

F.  LYNWOOD  GARRISON,  HERBERT  A.  MEGRAW,  FELIX  A.  VOGEL. 

ROBERT  C.  GEMMELL,  RICHARD  MOLDENKE,  ARTHUR  L.  WALKER, 

CHARLES  W.  GOODALE,  SEELEY  W.  MUDD,  ROLLA  B.  WATSON, 

HARRY  A.  GUESS,  R.  V.  NORRIS,  HORACE  V.  WINCHELU 

R.  DAWSON  HALL.  EDWARD  W.  PARKER,  FREDERICK  W.  WOOD. 

PHILIP  W.  HENRY,  EDWARD  D.  PETERS,  DWIGHT  E.  WOODBRIDGB. 

COMMITTEE   ON    JUNIOR    MEMBERS   AND    AFFILIATED   STUDENT 

SOCIETIES 

HARRY  H.  STOEK.  CKoirman, 

Viee^hairfnen 

CHARLES  H.  FULTON.  FREDERICK  W.  SPERR. 

EDWIN  C.  HOLDEN.  GEORGE  J.  YOUNG. 
WALTER  R.  CRANE,  SHrHary*  P«Mi«ylTUiU  State  CoUete,  State  Colleffe,  Pia. 
LUTHER  W.  BAHNEY.              HOWARD  ECKFELDT,  CHARLES  J.  NORWOOD, 

DAR8IE  C.  BARD,  DAVID  M.  FOLSOM,  GEORGE  S.  RAYMER, 

ROBERT  H.  BRADFORD,         R.  R.  GOODRICH,  HEINRICH  RIE8. 

SAMUEL  W.  BEYER,  CHARLES  E.  LOCKE,  HENRY  L.  SMYTH, 

GUY  H.  COX,  JAMES  F.  McCLELLAND.  FRANCIS  A.  THOMSON, 

JOSEPH  DANIELS,  HARRY  B.  MELLER,  F.  W.  TRAPHAGEN. 

NOAH  F.  DRAKE,  WALTER  S.  MORLEY,  CLINTON  M.  YOUN 

FRANK  W.  DURKEE,  HENRY  S.  MUNROE, 

1  UntU  Feb.,  IQlft.        •  UntU  Feb.,  1917.        <  UntU  Feb.,  1918.        «  Until  Feb..  1910. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP 

THOMAS  T.  READ,  Chairman. 
DAVID  H.  BROWNE.  Firtt  VU^hairman. 

Vic&'Chairtnen 


LYNDON  K.  AliMSTRONG. 
EDWARD  H.  BENJAMIN, 
CHARLES  A.  BUCK, 
H.  W.  HARDINGE, 
DUNCAN  MACVICHIB. 


▼AN  H.  MANNING, 

HENRY  W.  NICHOLS, 
ERSKINE  RAMSAY, 
SUMNER  8.  SMITH, 
WALTER  G.  SWART. 


EDWARD  L.  DUFOURCQ,  Staniary,  C  22  ProduM  Exehani*,  New  York,  N.  Y. 


HUNTINGTON  ADAMS, 
F.  U  ANTISEm 
FRANKLIN  BACHE. 
EDWIN  G.  BANKS, 
PERCY  Q.  BECKETT. 
LOUIS  ▼.  BENDER, 
JAMES  G.  BERRYHILL. 
ALBERT  C.  BOYLE.  JR., 
D.  H.  BRADLEY,  JR.. 
VICTOR  M.  BRASCHI, 
FREDERIC  K.  BRUNTON, 
LESTER  R.  BUDROW, 
MOiTON  A.  CAINE. 
EDWIN  E.  CARPENTER, 
CHARLES  CATLETT, 
NOAH  F.  DRAKE, 
J.  A.  EDE, 

LOUIS  V.  EMANUEL. 
AUGUSTUS  H.  EUSTIS, 
WALTER  FITCH. 
WILLIAM  E.  FOHL, 
STEPHEN  L.  GOODALE. 
CARL  E.  GRUNSEY.  JR., 


GEORGE  A.  GUESS, 
BENJAMIN  M.  HALL, 
RICHARD  S.  HASELTINE, 
PHILIP  W.  HENRY, 
FRANK  R.  HEWITT, 
JOSEPH  T.  HILLES, 
JOHN  HOATSON, 
ROY  J.  HOLDEN, 
TADA8HIRO  INOUYE, 
YING-CHIEH  KUANG, 
CLANCY  M.  LEWIS, 
I.  P.  LIHME, 
JOHN  J.  LINCOLN. 
DOUGLAS  C.  LIVINGSTON. 
SPENCER  R.  LOGAN. 
BRUNO  V.  NORDBERQ, 
HENRY  M.  PARKS, 


HAZEL  L.  SCAIFE, 
WILLIAM  J.  SHARWOOD. 
a  F.  SHAW. 
JO  B.  SHERIDAN. 
ARTHUR  P.  SILLIMAN, 
JOHN  G.  SMYTH, 
RICHARD  B.  STANFORD. 
LEWIS  STOCEETT. 
JOHN  M.  SULLY. 
ARTHUR  F.  TAGGART, 
CHARLES  H.  TAYLOR. 
BENJAMIN  F.  TILLSON. 
ARTHUR  L.  TUTTLE. 
CHUNG  YU  WANG. 
R.  C.  WARRINER. 
WALTER  HARVEY  WEED, 
WILLIAM  Y.  WESTERVELT. 


RICHARD  C.  PATTERSON,JR..   HERBERT  A.  WHEELER. 


OLUF  G.  PETERSEN. 
FRANK  Db  Q.  RATHBUN. 
AMBROSE  E.  RING. 
OSCAR  ROHN. 
WILLIAM  W.  ROSE. 


EDWIN  E.  WHITE, 
C.  W.  WHITLEY, 
HENRY  A.  J.  WILKENS, 
A.  EMORY  WI8HON. 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  MINES 

Mine  Svbtidenee 


BUcHeUy  in  Mining 

WILLIAM  KELLY, 
THOMAS  H.  LEGGETT, 
SAMUEL  A.  TAYLOR, 


Mine  BxplaHons 

H.  M.  CHANCE, 
FRANK  HAAS, 
CARL  SCHOLZ, 


JAMES  F.  KEMP, 
R.  V.  NORRIS, 
CHARLES  K.  LEITH 


COMMITTEE  ADVISORY  TO  THE  U.  S.  BUREAU  OF  STANDARDS 


Copper:  F.  L.  ANTISELL, 
Lead:  HEINRICH  O.  HOFMAN. 
Nickel:  DAVID  H.  BROWNE. 


Aluminum:  JOSEPH  W.  RICHARDS. 
Mine:  GEORGE  C.  STONE. 


COMMITTEE  ON  ARRANGEMENTS,  NEW  YORK  (112th)  MEETING,  1916 

DAVID  H.  BROWNE,  Chairman.  BRADLEY  STOUGHTON,  Vice-Chairman. 

LAWRENCE  ADDICKS,  JAMES  R.  FINLAY,  '  EDWARD  B.  8TURGIS, 

PERCY  E.  BARBOUR.  LOUIS  D.  HUNTOON,  JOSEPH  8TRUTHERS, 

GEORGE  D.  BARRON.  BURR  A.  ROBINSON,  RICHARD  H.  VAIL. 

J.  V.  N.  DORR,  E.  MALTBY  SHIPP, 

COMMITTEE  ON  NATIONAL  RESERVE  CORPS  OF  ENGINEERS 

HENRY  S.  DRINKER,  ARTHUR  S.  DWIGHT,  WARREN  A.  WILBUR. 
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NOMINATING  COMMITTEE 

FRED  W.  BRADLEY,  Ckairmmm. 

LOUIS  8.  CATE8,  JAMES  F.  KEMP,  FRA^  M.  SMITH. 

R.  C.  GBMMELL,  FRANK  A.  ROSS,  ARTHUR  THACHER. 

INSTITUTE  REPRESENTATIVES 
United  Engineering  Socieiiy  Trtuteee 

CHARLES  F.  RAND,*  JOSEPH  8TRUTHERS,i  BENJAMIN  B.  THAYER.' 

Library  Board,  United  Engineering  Societty 

KARL  EILERS,*  ALEX.  C.  HUMPHREYS.*  BRADUBY  STOUGHTON. 

E.  F.  ROEBERi 
E.  GYBBON  SPILSBURY.« 

John  FriU  Medal  Board  ej  Award 

JAMES  F.  KEMP.t  ALBERT  SAUVEUR,* 

CHARLES  F.  RAND,«  E.  GYBBON  SPILSBURY.* 

Qeneral  Conference  CommUUe  of  Engineering  Sodetiee 

BENJAMIN  B.  LAWRENCE,  J.  PARKE  CHANNINQ. 

American  AeeodaHon  for  the  Advancement  of  Science 

WALDEMAR  LINDGREN,  ..  «    .    ;        JOSEPH  B.  TYRRELL. 

Adeieory  Board  of  the  National  ConeervaOon  Ccngreee 

HENRY  S.  DRINKER. 

Committee  on  StandardiMotion  of  Oraphical  Methode 

JUDD  STEWART, 

Second  Pan-American  Scientific  Ccngreee 

HENNEN  JENNINGS.  W.  L.  SAUNDERS,  BRADLEY  STOUQHTON 

Committee  on  Naticnai  Reeerve  Corps  of  Engineere 

HENRY  8.  DRINKER. 

Naval  ConeuUing  Board 

WILUAM  L.  SAUNDERS,  BENJAMIN  B.  THAYER. 

Committee  on  Classification  of  Technical  Literature 

WILLIAM  p.  CUTTER. 


1  Until  Feb..  1910.        •  UatU  F«b.,  1917.         *  Until  Feb.,  1918.        «  Until  Feb..  1919i 
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TECHNICAL  COMMITTEES 
Iron  and  8Ud 

JOSEPH  W.  RICHARDS,  Ckairmmm. 

J.  E.  JOHNSON.  Jb..  Vic^-Cktunum: 

ARTHUR  a  CALLBN,  ^Mrttary,  4S8  ChMtnnl  St..  So.  Bethlehtm,  Pa. 

SuB-Coioiimis 
noMoaa 

DWIQHT  B.  WOODBRIDOB,  OUrfmMMi. 

ERNEST  F.  BURCHARD,  WILLIAM  KELLY,  CHARLES  F.  RAND. 

FEUX  A.  VOQEU 


WILLIAM  H.  BLAUVELT. 


BLAST  FUBNAOM 

H.  A.  BRASSERT.  Chairman. 

AMBROSE  N.  DIEHI^ 
RICHARD  v.  MoKAY. 


JAMES  QATLEY, 


QUILLIAEM  AERTSEN. 
FRANK  D.  CARNEY, 


ROBERT  W.  HUNT, 


JOHN  H.  HALL, 


HERBERT  M.  BOYLSTON, 
WILLIAM  CAMPBELL. 


HENRY  D.  HIBBARD,  CAmHmi^ 
C.  F.  W.  RYS.  J.  S.  UNGER, 


A.  A.  STEVENSON. 


WILLIAM  R.  WALKER. 


MBOHAHICAL  TBaATMBNT 
CHARLES  A  BUCK.  ChainiuM, 
GEORGE  MESTA,  FREDERICK  W.  WOOD. 

FOUNDBT 
RICHARD  MOLDENKE,  Ckairmam. 

ENRIQUE  TOUCEDA. 


,  FHTBIOB»  AND  IfBTALLOaBAPHT 
ALBERT  8AUVEUR.  Chairman. 

HENRY  M.  HOWE.  E.  GYBBON  SPILSBURY. 

JOHN  A.  MATHEWS,  LEONARD  WALDO, 

WILLIAM  R.  WEBSTER. 

P0iroUumimdOa$ 


ARTHUR  F.  L.  BELL,  Chairman, 
WILLIAM  N.  BEST,  Vica-Chairman.  DAVID  T 

WILLIAM  B.  PHILIJPS,  Vie^-Chairman.  MARK  L. 

LEONARD  WALDO.  SteMtarw,  49  WaU  St.. 


RALPH  ARNOLt), 
PREDERICK  G.  GLAPP. 
EUGENE  C08TE. 
EDWIN  T.  DUMBLE. 
JOHN  R.  EDWARDS. 


C.  Wnj«ARD  HAYES. 
PHIUP  W.  HENRY. 
HANS  VON  HOEFER. 
ISAAC  N.  KNAPP. 
ANTHONY  F.  LUCAS, 
EZEQUIEL  ORDONEZ. 

Coal  and  Coke 


DAY. 
REQUA.  Vic^-Chairman. 
Nen  York,  N.  Y. 

FRANCIS  C.  PHILLIPS. 

WALTER  O.  SNELLINO. 
.   CHESTER  W.  WASHBURNE, 

WILLIAM  L.  WATTS. 

HERBERT  A.  WHEELER, 

WILLIAM  A.  WILLIAMS 


SAMUEiL  A.  TAYLOR.  Chairman, 
EDWIN  LUDLOW,  FiM-CAotrmafi.  W.  J.  RICHARDS.  Vi«9-Chairman, 

FREDERICK  W.  a  WHYTE,  ViM-Chairman, 
WILLIAM  E.  FOHL,  ^Mrttary,  Fann«n'  Bank  Bldg.,  Plttobnrgb,  Pa. 


8.  B.  BBLDBN. 
WILUAM  H.  BLAUVELT. 
H.  M.  CHANCE. 
THOMAS  H.  CLAGETT, 
BLI T.  CONNER. 
JAMBS  8.  CUNNINGHAM. 
FRANK  W.  DaWOLP. 
B.  V.  D^NVnXIERS. 
W.  W.  DUFFIELD, 
HOWARD  N.  BAVENSON, 
CHARLES  ENZIAN. 
WmjAM  A.  FORBES, 
WILUAM  H..GRAI>Y. 


FRANK  HAAS. 
R.  DAWSON  HALL. 
FRANK  A  HILL, 
FRANK  ALBERT  HILL. 
CHARLES  F.  RUBER, 
JAMES  ELLWOOD  JONES. 
CHARLES  E.  KREBS. 
GEORGE  J.  KREBS; 
A  O.  LEISENRINQ. 
SPENCER  R.  LOGAN. 
EUGENE  McAULIFFE, 


JOHN  P  K.  MILLER. 
R.  V.  NORRIS. 
CHARLES  J.  NORWOOD. 
THOMAS  H.  O'BRIEN. 
FRANK  A.  RAY. 
GEORGE  S.  RICE. 
JOHN  J.  RUTLEDGE, 
CARL  SCHOLZ. 
JOHN  ROY  SHARP, 
T.  W.  SPRAGUE, 
ISRAEL  C.  WHITE. 


CHARLES  T.  MALCOLMSON,    WUXUM  G.  WILKINS. 
FRANK  A.  MANLEY.  LEWIS  L.  WILLARD. 
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Pr^ciUnu  and  Bam  MelaU 

CHARLES  W.  QOODALB,  Chmirmtm, 
L.  D.  RICKETT8,  Vit^-Chairmam,  ROBERT  C.  QEMMELL, 

DARSIB  O.  BARD,  BttMwtuty,  ModUim  SUte  Sohool  of  MInM,  Butt*.  Mont. 

SuB-Coifmrnns 

OOPPBB 

EDWARD  P.  MATHEW80N. 
W.  LAWRENCE  AUSTIN,  FREDERICK  LAI8T. 

JOHN  C.  QREENWAT.  C.  B.  LAKENAN, 

LAFAYETTE  HANCHETT.         QEORQE  W.  METCALFE, 
L.  OOmVIE  HOWARD,  L.  D.  RICKETTS, 


FOREST  RUTHERFORD. 
ARCHER  B.  WHEELER, 
ALBERT  B.  WIGGIN. 


F.  L.  BOSQUI, 
PHILIP  R.  BRADLEY, 
CHARLES  BUTTERS. 
ROBERT  C.  CANBY. 
ALLAN  J.  CLARK, 


GOLD  AND  SILyEE 

F.  LYNWOOD  GARRISON.  Ckmirmmn. 
GEORGE  H.  CLEVENGBR, 
HARRY  S.  DENNY. 
JOHN  V.  N.  DORR, 
JAMES  W.  MALCOLMSON, 
CHARLES  W.  MERRILL. 


WILLET  G.  MILLER, 
CHARLES  H.  MUNRO. 
R.  M.  RAYMOND. 
WHITMAN  SYMME& 
BULKELEY  WELL& 


LEONARD  &  AUSTIN. 
JOHN  S.  CARNAHAN, 
ARTHUR  S.  DWIGHT, 
KARL  EILBRS. 
HARRY  A.  GUESS. 


HBINRICH  O.  HOFMAN. 
ERNEST  A.  HERSAM, 
SIDNEY  J.  JENNINGS. 
FRANK  M.  SMITH, 
WUXIAM  A.  SMITH, 


FREDERIC  R. 
RUSH  J.  WHITE, 
C.  W.  WHITLEY. 
WHXIAM  WRAITH. 


S.  E.  BRETHERTON, 
GELA8I0  CAETANI. 


DAVID  H.  BROWNE. 
SIEGFRIED  FISCHER, 
FRANK  L.  HESS. 


GEORGE  C.  STONE.  Chabrman. 


C.  A.  H.  DaSAULLES, 
W.  MoA.  JOHNSON. 
C.  E.  SIEBENTHAU 


DORSBY  A.  LYON. 
OTTO  RISSMAN. 


lOBCBLLANaOim  IfETALB 

CHARLES  H.  FULTON.  Chairman. 
ZAY  JEFFRIES,  WALTER  M.  STEIN. 

ROBERT  M.  KEENEY,  JOSEPH  STRUTHERa 

GEORGE  A.  PACKARD.  WILLIS  R.  WHITNEY. 

Non'MeUMe  Mineral 


HBINRICH  RIBS.  Chairman. 
CHARLES  P.  BERKBY.  Viee-Chairman.  H.  J.  SEAMAN.  Vii 

GEORGE  F.  KUNZ.  VU^-Chairmam.  EDWARD  W.  PARKER.  Vie^-ChMirmn, 

WILLIAM  C.  PHALBN.  S^arttary,  U.  8.  G«oIocleal  3arT«y,  WMhington.  D.  C. 


SAMUEL  W.  BEYER, 
H.  A.  BUEHLBR, 
FRANK  W.  DbWOLF, 
R.  D.  GEORGE. 
FRANK  L.  HESS. 
F.  R.  HEWITT, 


F.  C.  HOOPER. 
C.  COLCOCK  JONES. 
J.  K.  McLANAHAN.  Jb., 
C.  G.  MBMMINGBR. 
BENJAMIN  L.  MILLER, 
WILLET  G.  MILLER. 


J.  D.  PBNNOCK. 
WILLIAM  B.  PHILLIPS. 
JOSEPH  HYDE  PRATT. 
KENNETH  SEAVER. 
THOMAS  L.  WATSON 


Mining  Ckohgy 

JAMBS  F.  KEMP.  Chairman. 

JOHN  W.  FINCH,  Vie0-Chairmaa.  R.  A.  F.  PENROSE.  Jb^  Viea-Chuirman. 

L.  C.  G  RATON,  StertUtry,  Harvard  G«oIogieal  Muwum.  Camlttidca.  MaM. 


RALPH  ARNOLD. 
JOHN  M.  BOUTWELL, 
H.  A.  BUEHLBR. 
MARIUS  R.  CAMPBELL. 
WILLIAM  H.  EMMONS. 
F.  LYNWOOD  GARRISON, 


HENRY  LANDES. 
ALFRED  C.  LANE. 
CHARLES  K.  LEITH. 
R.  V.  NORRIS, 
EZEQUIEL  ORDONEZ. 
WILLIAM  B.  PHILLIPS. 
M.  E.  WADSWORTH. 


JOSEPH  HYDE  PRATT, 
HBINRICH  RIBS. 
RENO  H.  SALES, 
WILLIAM  G.  SHARP. 
HENRY  L.  SMYTH^ 
JOSIAH  B.  SPURR.' 
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Mining  Methods 

ROBERT  M.  CATLIN.  Chairman. 
BENJAMIN  F.  TILL80N,  aecretarv,  IVmnkHn 
TRUMAN  H.  ALDRICH,  Jb..  R.  C.  GEMMELL, 


HANS  C.  BEHR, 
R.  B.  BRIN8MADE. 
DOUGLAS  BUNTING, 
LOUIS  &  GATES, 
CHARLES  CATLETT, 
FRBD  W.  DENTON. 
STANLEY  A.  EA8T0N. 
JAMES  R.  FINLAY. 


JOHN  QHJilE, 
WHUAM  L.  HONNOLD, 
JAMES  E.  JOPLING. 
ROBERT  A.  EINZIE, 
WnXIAM  H.  LEONARD, 
HENRY  liOUIS, 

JAMES  F.  McClelland, 

SEELEY  W.  MUDD, 


FunuMa,  N.  J. 
JAMES  B.  RISQUE, 
MILNOR  ROBERTS, 
OSCAR  ROHN, 
HENRY  L.  SMYTH, 
BENJAMIN  W.  VALLAT, 
RUEL  C.  WARRINER, 
SAMUEL  D.  WARRINER, 
GEORGE  WEIR, 
DWIGHT  E.  WOODBRIDGE. 


MiUing  Meikoda 

ROBERT  H.  RICHARDS,  Chairman,  M. 

CHARLES  E.  LOCKE,  Seerttary,  Maia.  InsUtuto  of 


EARL  S.  BARDWELL. 
H.  K.  BURCH, 
CHARLES  BUTTERS, 
GELASIO  CAETANI, 
WILLIAM  A.  CALDECOTT, 
JOHN  M.  CALLOW, 
CHARLES  A.  CHASE, 
DAVID  COLE, 
JOHN  V.  N.  DORR, 
ARTHUR  8.  DWIGHT, 


H.  A.  GUESS, 
H.  C.  HOOVER, 
HENRY  KRUMB, 
FREDERICK  LAIST, 
C.  B.  LAKENAN, 
W.  P.  LASS, 

CHARLES  W.  MERRILL, 
HENRY  S.  MUNROE, 
E.  H.  NUTTER, 
C.  Q.  PAYNE, 


K.  RODGERS,  VU^-Chairman. 

Teohnolocy,  Boston,  Mbm. 
JOHN  B.  PORTER, 
LEWIS  G.  ROWAND, 
E.  A.  C.  SMITH, 
T.  B.  STEARNS, 
WALTER  G.  SWART, 
ARTHUR  THACHER. 
GEORGE  D.  VAN  ARSDALE, 
BULKELEY  WELLS. 
ALBERT  E.  WIGGIN, 
GEORGE  H.  WYMAN.  Jb. 


Mining  Law 

HORACE  V.  WINCHELL,  Chairman. 
CORNEUUS  F.  KELLEY,  Vic^-Chairman.  CURTIS  H.  LINDLEY,  Vic^-Chairman 

JOHN  W.  FINCH.  SHTtUtry,  730  Symes  Bids.,  Denvtr.  Colo. 


ALBERT  BURCH, 

J.  MURRAY  CLARK, 

WILL  L.  CLARK, 

C.  LORIMER  COLBURN, 

COURTENAY  DbKALB, 

CHARLES  W.  GOODALE, 


FREDERICK  T.  GREENE,  WILUAM  SCALLON, 

EDWIN  O.  HOLTER,  CHARLES  H.  SHAMEL, 

EDMUND  B.  KIRBY,  FRANK  L.  SIZER, 

MARK  L.  REQUA,  JOEL  F.  VAILE, 

GEORGE  W.  RITER,  WALTER  H.  WILEY. 


FRANCIS  O.  BLACKWELL, 
OZNI  P.  HOOD, 
JOHN  LANGTON. 


The  Use  of  Electricity  in  Mines 

WHXIAM  KELLY.  Chairman. 


THOMAS  H.  LEGGETT, 
FREDERICK  W.  O'NEIL, 
STEPHEN  H.  PITKIN, 


DAVID  B.  RU8HM0RE. 
SAMUEL  A.  TAYLOR, 
HARRY  M.  WARREN. 
GEORGE  R.  WOOD. 


GEORGE  D.  BARRON, 
WILLIAM  L.  BELL, 
JAMES  L.  BRUCE, 
CHARLES  F.  CHANDLER, 
WILLIAM  L.  CLARK, 
GEORGE  G.  CRAWFORD, 
R.  W.  DEACON, 
WALTER  DOUGLAS, 
THEODORE  DWIGHT, 


Safety  and  Sanitation 

ARTHUR  WILUAMS,  Chairman. 

HOWARD  N.  EAVENSON,  ViM-<Jhairman. 

E.  MALTBY  SHIPP.  Seeretarv,  3  lUetor  St.,  New  York.  N.  Y. 


CHARLES  T.  FAIRBAIRN, 
CHARLES  W.  GOODALE, 
SIDNEY  J.  JENNINGS, 
ROBERT  A.  KINZIE, 
CORNEUUS  B.  LAKENAN. 
JOHN  LANGTON, 
JOHN  LLOYD, 
SOLOMON  LaFEVRE, 
WILLIAM  W.  MEIN, 


C.  P.  NEILL. 
JAMES  B.  RISQUE, 
FRANCIS  P.  SINN, 
WILLIAM  D.  THORNTON. 
WILLIAM  R.  WALKER. 
C.  W.  WHITLEY. 
HENRY  A.  J.  WILKENS. 
DWIGHT  E.  WOODBRIDGE 
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OFFICBRS  AHD  DIRSCTORS 
For  the  year  ending  Febroarji  1916 

Pbxbidbnt 
WILLIAM  L.  SAUNDERS,* Nnw  York,  N.  Y. 

Past  Prssidbntb 

CHARLES  F.  RAND,« Nnw  Yowl,  N.  Y, 

BENJAMIN  B.  THAYER,' Nnw  Yonn,  N.  Y. 

FiBST  Vicn-PBnsiDBNT 
PHILIP  N.  MOORE,! St.  Louk,   Mo. 

Trbasubbb 
OEORGE  C.  STONE,» Nnw  York,  N.  Y. 

SnCBBTABT  ElfBBITUB 

ROSSITER  W.  RAYMOND, Naw  Yore:,  N.  Y. 

Sbcbbtabt 
BRADLEY  STOUGHTON, Nbw  Yore:,  N.  Y. 

Vicb-Pbbsidbntb 

THOMAS  H.  LEGGETT,*  ....  District  0 Nbw  York.  N.  Y. 

FRED  W.  DENTON,^ District  4 Painbsdai^b,  Mich. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preforably  be  preMnted  in  peraon  at  a 
meeting  of  the  Institute.  If  this  is  impossible,  then  discussion  m  writing  may  be  sent  to  the  Editor, 
American  Institute  of  Mining  En^pneersj  29  West  89th  Street,  New  York,  N.  V.,  for  presentation  by 
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Protecting  California  Oil  Fields  from  Damage  by  Infiltrating  Water 

BT  R.   C   MCLAUGHLIN,*  BAN  FRANCISCO,   CAL. 
(San  Frandsoo  Meeting,  September,  1915) 

In  most  branches  of  the  mining  industry  it  is  a  well-recognized  fact 
that  care  must  be  taken  to  protect  the  mineral  deposit  from  undue 
physical  injury.  It  is  comparatively  easy  to  grasp  this  idea  when  the 
mineral  is  a  solid  and  the  lives  of  workmen  depend  directly  upon  the 
care  with  which  it  is  removed  from  its  natural  position,  but  when  the 
product  is  a  liquid  drawn  up  from  pools  several  thousand  feet  beneath 
the  surface  of  the  ground  through  openings  only  a  few  inches  in  diameter, 
it  requires  some  imagination  to  picture  imderground  conditions  and  the 
changes  which  must  often  occur.  The  development  of  the  petroleum 
deposits  of  California  has  been  attended  by  numerous  accidents,  the 
results  of  which  are  readily  noticed  at  the  top  of  the  wells  and  in  the 
profit  and  loss  accounts  of  the  operators.  Determination  of  the  cause  of 
these  accidents  has  been  the  subject  of  considerable  study,  which  natur- 
ally has  faUen  upon  men  familiar  with  technical  methods. 

The  greatest  damage  to  the  oil  deposits  of  California  has  resulted  from 
water  finding  its  way  into  the  oil-bearing  sands,  and  it  is  the  purpose  of 
this  paper  to  set  forth  briefly  this  phase  of  the  oil  industry.  Much  of  the 
material  here  presented  has  previously  appeared  in  publications  issued 
by  the  California  State  Mining  Bureau,  which,  under  the  direction  of 
State  Mineralogist  Fletcher  McN.  Hamilton,  has  investigated  the 
subject  and  taken  steps  toward  improvement  of  conditions.  The  writer, 
having  been  in  ^charge  of  this  branch  of  the  Bureau  work,  has  gained 
considerable  knowledge  of  existing  conditions. 

Generally  speaking,  the  oil-bearing  formations  of  California  are  soft, 
unconsolidated  sand  beds,  separated  by  clay  strata,  which  are  also 
soft.  Some  of  the  sand  beds  carry  water  instead  of  oil.  All  of  the  beds 
are  more  or  less  separated,  probably  being  of  lenticular  shape.  Very 
few  of  the  beds  in  the  oil  fields  lie  flat  or  undisturbed  over  any  great  area. 
Folding  and  tilting  are  common,  and  faulting  also  occurs  in  some  of  the 
fields.  The  accumulation  of  oil  is  not  confined  to  "any  single  structural 
feature,  such  as  the  anticline,  but  occurs  in  many  other   structural 
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features.  Water-bearing  strata  occur  in  practically  every  oil  field  in 
the  State.  Complete  data  are  not  at  hand  for  a  comparison  of  the  damage 
done  in  the  various  fields.  These  water  sands  are  sometimes  above, 
below,  and  between  the  oil  sands.  When  water  and  oil  sands  are  both 
penetrated  by  a  well,  the  water  enters  the  oil  sand.  The  water  fre- 
quently forces  the  oil  back  into  the  sand  so  that  pumping  produces 
nothing  but  water.  The  water  not  only  damages  the  well  which  it  first 
enters,  but  affects  neighboring  wells,  causing  their  product  to  become 
partly  or  entirely  water.  The  probability  of  such  damage  is  usually 
foreseen.  The  method  of  preventing  damage  from  this  source  is  to 
insert  screw  pipe  (or  casing)  into  the  well.  It  serves  as  the  lining  or  wall 
of  the  well,  and  if  carried  through  and  below  the  water  sand  and  firmly 
landed  in  some  sort  of  impervious  stratum,  such  as  clay,  it  prevents  the 
water  from  leaking  down  into  the  well.  Sometimes  it  is  necessary  to 
pump  cement  in  behind  the  casing  in  order  to  seal  thoroughly  the  pas- 
sages down  which  the  water  might  otherwise  run.  Several  such  lines  (or 
strings)  of  casing  are  sometimes  placed  inside  the  first  one  until  together 
they  resemble  a  telescope  with  the  small  end  at  the  bottom  of  the  well,  in 
the  oil  sand. 

The  protection  of  a  well  from  water  intrusion  comprises  two  opera- 
tions: First,  determining  where  the  casing  should  be  landed;  and,  second, 
the  actual  work  of  placing  the  casing  in  the  well  in  a  workmanlike  man- 
ner. These  operations  are  interdependent,  and  either  is  useless  without 
the  other. 

Some  idea  of  the  financial  loss  of  the  oil  operator,  when  water  is  not 
controlled,  may  be  had  from  the  following  instances: 

In  the  Coalinga  field  on  a  certain  property  is  a  weU  about  2,700  ft. 
deep.  It  was  drilled  three  or  four  years  ago  at  a  cost  of  about  $30,000. 
Initial  production  was  over  200  bbl.  of  oil  per  day  and  the  total  production 
about  100,000  bbl.  of  oil,  giving  a  profit  of  possibly  $10,000  over  regular 
operating  expenses,  but  not  including  the  cost  of  the  well.  About  two 
years  ago  water  stopped  this  production  entirely.  The  owners  are 
financially  unable  to  repair  the  well  at  present,  and  each  day  adds  to  the 
damage  being  done  to  surrounding  property. 

In  a  portion  of  the  Midway-Sunset  field  there  are  two  known  oil 
sands,  both  productive.  There  are  water-bearing  sands  above  the 
upper  oil  sand  and  also  between  the  two  oil  sands.  When  a  well  is  drilled 
into  the  lower  sand  two  extra  strings  of  casing  (about  2,000  ft.  of  8-in. 
and  2,500  ft.  of  6-in.)  should  be  inserted  to  keep  the  water  out  of  the 
upper  sand.  The  expense  for  extra  casing  and  labor  may  amount  to 
$10,000  per  well.  Some  operators  have  neglected  or  refused  to  protect 
their  wells  in  this  manner,  which  has  resulted  in  serious  damage  to  the 
wells  of  other  operators  which  depend  upon  the  upper  sand,  because  they 
are  of  too  small  diameter  to  allow  deeper  drilling. 
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An  approximate  idea  of  the  ultimate  loss  that  will  ensue,  unless 
the  top  sand  is  protected,  may  be  gained  from  the  following  figures:  A 
single  well,  at  present  producing,  has  during  three  and  a  half  years 
produced  almost  300,000  bbl.  of  oil.  Other  wells,  though  not  so  large, 
should  produce  for  a  much  longer  time  than  three  and  a  half  years,  and 
300,000  bbl.  each  is  not  an  unreasonable  estimate  of  their  total  produc- 
tion. The  upper  sand  extends  over  about  400  acres,  and  at  5  acres  per 
well  should  supply  80  wells,  or  a  total  of  not  less  thao  24,000,000  bbl.,  or 
$12,000,000. 

A  minor  instance  which  came  under  notice  is  typical  of  much  inefii- 
cient  work  that  has  been  done.  A  superintendent,  who  had  previously 
finished  several  wells  satisfactorily  with  advice  from  a  geologist,  pro- 
ceeded without  such  advice  and  drilled  another  well  too  far  through  the 
oil  sand  and  encountered  a  strong  flow  of  water.  This  "bottom  water" 
was  encountered  within  2  ft.  of  where  it  had  beeti  expected  by  the 
geologist,  from  his  study  of  logs  of  surrounding  wells.  Advice  would 
have  been  to  stop  drilling  about  15  ft.  above  the  point  to  which  it  was 
carried.  A  contractor  was  engaged  to  cement  the  bottom  of  the  hole 
after  the  flow  of  water  had  been  checked  by  a  "bridge."  Even  if  the 
first  cementing  operation  proved  successful,  the  needless  expense  on  this 
well  probably  amounted  to  about  $500.  The  chief  aim  of  the  geologist 
or  engineer  is  to  meet  such  circumstances  in  time  to  prevent  trouble^ 
rather  than  to  aid  in  patching  up  improperly  drilled  wells,  which  proce- 
dure is,  at  best,  apt  to  be  troublesome  and  unsatisfactory. 

It  must  be  borne  in  mind,  of  course,  that  the  natural  oil  reservoirs  are 
exhaustible  and  as  the  oil  is  removed  water  is  apt  to  take  its  place.  Some 
operators  are  prone  to  assume  that  the  presence  of  water  in  an  oil  well  is 
perfectly  natural  and  that  infiltration  could  not  have  been  avoided.  It 
has  been  proved  that  this  hypothesis  is  not  always  correct,  for  in  many 
cases  where  water  has  appeared,  the  correction  of  faulty  material  or 
workmanship  has  caused  the  water  to  disappear. 

There  are  at  least  three  causes  for  water  entering  oil  wells:  (1) 
failure  of  casing,  (2)  faulty  drilling  operation,  and,  (3)  natural  replace- 
ment of  oil  by  water  as  the  oil  is  pumped  out.  There  are  also  com- 
binations and  variations  of  these  causes,  modified  and  accelerated  by 
movements  of  the  ground  itself. 

The  accompanying  sketch  (Fig.  1)  of  the  bottom  of  four  wells  in  the 
Coalinga  field  illustrates  some  of  the  underground  conditions  and  the 
methods  of  recording  and  presenting  the  data.  The  wells  were  drilled  in 
order  as  numbered.  The  strata  are  not  bent  or  deformed  in  this  particu- 
lar locality.  In  each  well  the  10-in.  casing  was  intended  to  shut  off  the 
water  occurring  above  the  oil  sands,  and  in  well  No.  3  it  was  landed  at  a 
depth  of  1,880  ft.,  in  conformity  with  successful  results  at  No.  1  and 
No.  2.    However,  the  sand  between  1,980  ft.  and  2,016  ft.  was  found  to 
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contain  some  oil  and  considerable  water,  hence  it  was  necessary  to  use 
more  casing  to  shut  off  this  water.  Since  some  experimenting  was 
necessary,  two  strings,  the  834  in.  at  2,033  ft.  and  the  6%  in.  at  2,098  ft., 
were  used.  Had  all  conditions  been  known  beforehand  only  one  string 
would  have  been  necessary,  but  when  the  834-ii^*  casing  was  landed  and 
the  well  drilled  deeper  more  water  was  encountered  and  the  6%-in. 
casing  had  to  be  used.  The  final  oil  string  of  casing,  4^^  in.  in  diameter, 
was  carried  to  2,351  ft.  and  upon  testing,  the  well  was  found  to  produce 
mostly  water,  so  the  bottom  was  plugged  (using  waste,  rope,  iron  lathe 
cuttings  and  cement)  up  to  2,265  ft.  and  the  well  again  tested,  when  it 
was  found  to  be  free  from  water. 

Since  well  No.  3  was  one  of  the  first  wells  in  this  locality  to  encounter 
water  in  the  oil  sands,  where  oil  was  expected,  careful  work  was  necessary 
on  the  next  well  drilled,  to  check  the  operations.  This  was  done  on 
neighboring  wells,  not  shown  on  the  drawing,  and  since  similar  results 
were  found,  when  well  No.  4  was  drilled  the  top  sands  were  shut  off  with 
the  10-m.  casing  at  2,320  ft.  The  well  was  drilled  to  2,467  ft.  only,  so  as 
not  to  encounter  the  sand  which  contained  water  in  well  No.  3  between 
the  2,325  and  2,351  ft.  levels. 

After  completion,  all  these  wells  produced  clean  oil  for  about  a  year, 
and  then  the  No.  2  began  to  show  a  little  water,  and  about  three  months 
later  showed  about  80  per  cent.  There  were  three  possible  sources  of  the 
water:  From  other  wells  through  the  oil  sand,  or  from  above  the  oil 
sand,  or  from  the  bottom  sands  penetrated.  The  drawing  shows  that  the 
possibility  of  bottom  water  was  slight.  The  possibility  of  water  from 
above  was  tested  by  removing  the  8^-in.  "oil  string,"  putting  a  "bridge" 
or  plug  in  the  open  hole  between  the  bottom  of  the  10-in.  "water  string" 
and  the  top  of  the  oil  sand.  After  bailing  the  well  dry  above  the  plug  no 
water  came  in,  proving  that  the  "water  string"  was  not  leaking  at  any 
point  and  was  effectively  excluding  upper  water.  Therefore  the  water  in 
No.  2  was  probably  coming  through  the  oil  sand  itself,  and  as  the  same 
sand  showed  both  oil  and  water  between  1,980  ft.  and  2,095  ft.  in  No.  3 
it  was  concluded  that  the  water  was  rising  along  the  dip  of  that  sand  as 
the  oil  was  removed.  Such  a  movement  is  called  the  encroachment  of 
"edge  water."  The  83^-in.  casing  was  again  put  in  and  cemented  at 
1,886  ft.  in  the  shale  presmned  to  correspond  to  that  found  at  2,091  to 
2,122  ft.  in  well  No.  3,  and  2,318  to  2,325  ft.  in  well  No.  4.  After  pump- 
ing the  well  for  about  10  days,  the  oil  was  found  to  contain  less  than  1  per 
cent,  water,  proving  that  water  had  been  coming  through  the  upper  sands, 
between  1,782  and  1,870  ft.  After  about  four  years  the  water  has 
commenced  to  show  in  well  No.  1.  This  movement  naturally  follows 
the  removal  of  oil  and  cannot  be  stopped,  but  the  particular  sand  affected 
can  be  kept  separated  from  other  productive  sands. 

As  in  all  other  important  industries  involving  the  winning  of  some 
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mineral  product  from  the  earth,  a  thorough  plan  should  be  mapped  out, 
and  followed  or  revised  in  the  light  of  new  developments.  In  other  words, 
there  should  be  a  thorough  geologic  investigation.  Some  large  operators 
realize  this  and  have  facilities  for  thorough  geologic  work  at  all  times. 
Other  large  concerns  give  but  little  attention  to  the  subject.  Probably 
the  oil  industry  is  in  this  respect  not  so  well  managed  as  the  metal- 
mining  industry.  Small  operators  frequently  feel  that  they  cannot 
afford  the  expense  of  geologic  work. 

Several  hundred  oil  companies  are  operating  in  California  and  in  the 
past  no  concerted  effort  has  been  made  by  them  to  develop  their  lands 
systematically  or  to  control  the  water  trouble.  Constant  agitation  of  the 
subject  has  resulted  in  the  passage  of  alaw  (Chapter  718,  Statutes  of  1915) 
framed  by  the  State  Mining  Bureau,  at  the  invitation  and  with  the  assist^ 
ance  of  many  oil  operators.  The  law  became  effective  Aug.  8,  1915, 
'  As  it  is  along  original  lines,  a  brief  outline  may  be  interesting,  together 
with  some  remarks  upon  the  aims  of  its  sponsors. 

The  law  gives  the  State  Mining  Bureau  supervision  over  this  work, 
the  expense  being  met  by  assessments  upon  the  producers.  The  work  is 
directed  by  an  officer  designated  as  State  Oil  and  Gas  Supervisor,  who 
appoints  four  deputies;  all  of  these  officials  must  be  either  engineers  or 
geologists.  The  Supervisor's  headquarters  will  be  at  the  State  Mining 
Bureau  in  San  Francisco  and  the  deputies  will  reside  in  the  various  oil 
fields.  Operators  are  required  to  file  all  records  of  work  done  on  wells 
and  other  pertinent  information.  The  records  are  to  be  considered  as 
confidential  unless  released  by  the  operator  furnishing  them.  The 
Supervisor  is  empowered  to  order  repair  work  done  on  wells  and  if  it  is  not 
done  he  can  place  agents  on  the  ground  to  do  the  work.  The  cost  of  the 
repair  work  becomes  a  lien  upon  the  property.  Abuse  of  power  by  the 
Supervisor  is  prevented  by  making  his  orders  subject  to  review  and  re- 
versal by  an  arbitration  board  appointed  by  operators. 

The  law  is  rather  lengthy  and  explicit,  but  no  rigid  construction  can 
be  expected  to  solve  such  varied  problems  as  exist  in  our  various  oil  fields. 
It  is  believed  that  operators  generally  will  cooperate  with  the  officials  in 
the  endeavor  to  make  the  law  fit  economic  and  physical  conditions. 

The  underlying  purpose  of  the  f ramers  of  the  law  was  to  establish  a 
technical  department  that  would  gather  all  the  facts  and  present  con- 
clusions to  those  having  charge  of  drilling  operations.  In  other  words, 
it  is  hoped  that  the  department  will  fill  the  place  of  a  consulting  engineer. 
The  need  of  such  a  position  has  been  recognized  by  some  operators  in 
their  own  private  organization,  while  others  have  not  realized  its  value  or 
have  been  unable  to  bear  its  expense.  It  is  therefore  evident  that  the 
first  work  of  the  State  Mining  Bureau  must  be  educative.  Every  man 
engaged  in  the  work  must  primarily  be  able  to  touch  the  chord  of  human 
interest  and  present  the  technical  facts  to  his  audience,  the  operators,  in 


PROTECTING  CALIFORNIA  OIL  FIELDS  FROM  DAMAGE  2319 

such  a  fashion  that  they  can  see  the  subject  as  clearly  as  he  does.  Tech- 
nical workers  have  frequently  complained  that  their  work  is  not  given 
proper  recognition  by  the  public,  and  in  many  cases  this  has  been  due  to 
the  fact  that  no  efifort  was  made  to  grasp  the  thread  of  public  thought 
on  that  special  subject  and  turn  it  into  the  proper  channels.  The  legisla- 
tion here  considered  presents  one  of  the  best  opportunities  for  those  ad- 
ministering it  to  demonstrate  whether  or  not  technical  men  are  able  to 
take  hold  of  a  large  problem  and  present  it  in  intelligible  form  to  men 
not  technically  educated  but  thoroughly  skilled  in  drilling  deep  and 
difficult  wells. 

Not  alone  to  the  oil  operators,  but  also  to  the  public  which  is  inter- 
ested in  conservation  of  the  oil,  as  well  as  all  other  natural  resources, 
is  the  Bureau  under  obligation  to  solve  the  problem  outlined  in  this  paper. 
California  drillers  have  already  proved  their  ability  to  cope  successfully 
with  the  most  severe  physical  conditions  and  will  undoubtedly  be  found 
willing  to  assist  the  engineer  who  now  has  an  opportunity  to  demonstrate 
his  usefulness. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
[SXTOJECT  TO  RBYIBION] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  fhould  preferably  be  i>reMnted  in  person  at  the 
New  York  meeting.  February,  1016,  when  an  alMtraot  of  the  paper  will  be  read.  If  this  t»  impossible, 
then  disonanon  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
30th  Street.  New  York,  N.  Y..  for  presentation  by  the  Seoretary  or  other  represeotative  of  its  author. 
Unless  speotal  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1915.  Any  discussion 
o£fered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Notes  on  Flotation* 

BT  J.  M.  CALLOW,  f  SALT  LAKE  CITT,  UTAH 
(New  York  Meeting,  February,  1916) 

Historical  Sketch 

The  selective  action  of  oik  for  lustrous  minerals  was  first  disclosed  by 
Haynes  in  1860.  In  1885,  Miss  Carrie  Everson  elaborated  this  idea  and 
also  disclosed  the  fact  that  acid  increased  the  so-called  selective  action. 
Her  patent  called  for  oils,  either  animal,  vegetable  or  mineral,  also  for 
an  acid  or  salt.  The  process  was  tried  out  on  a  practical  scale  in  Baker 
City  and  Leadville,  in  1889,  and  failed:  first,  because,  as  has  since  been 
shown,  of  the  unsuitability  of  the  ore  to  flotation;  and  second,  because  the 
invention  was  too  far  in  advance  of  the  times.  Then  followed  the  Elmore 
brothers,  first  with  their  bulk  oil  processes  and  later  with  their  vacuum 
method.  The  basic  principles  of  oil  flotation  were  undoubtedly  covered 
by  the  above  inventors,  the  work  done  since  their  time  being  merely  a 
building  up  on  ground  work  laid  by  them.  Different  kinds  of  oil,  different 
quantities  of  oil,  and  all  the  varying  degrees  of  agitation,  were  all  ex- 
emplified and  practiced  by  them  in  one  phase  or  another,  and  the  devel- 
opments that  have  since  been  made  are  but  elaborations  of  the  funda- 
mental principles  laid  down  by  Haynes,  EversoUj  and  the  Elmore  brothers. 

In  1902,  the  Potter-Delprat  process  was  developed  in  Australia.  In 
this  process  no  oil  was  used,  the  mineral  being  raised  by  the  generation  of 
gas,  brought  about  by  the  introduction  of  acid  into  the  pulp.  The  min- 
eral particles  appeared  on  the  surface  of  the  separatory  vessel,  in  the  form 
of  a  scum  or  froth,  buoyed  up  by  minute  gas  bubbles  attached  to  them. 
This  no  doubt  first  gave  the  suggestion  of  gaseous  flotation. 

In  1902,  also,  Fromont,  an  Italian,  was  granted  a  patent  in  which  he 
combined  violent  agitation  with  oil  and  gaseous  flotation,  the  gas  being 
generated  within  the  pulp,  in  much  the  same  way  as  in  the  Potter-Del- 
prat process. 

In  the  same  year,  Cattermole  came  out  with  a  unique  method. 
First,  the  pulp  was  emulsified  with  a  small  quantity  of  oil,  by  violent 

*  Originally  presented  at  the  annual  meeting  of  the  Utah  Section,  Salt  Lake 
aty,  Oct.  4,  1916. 
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agitation,  and  then  submitted  to  a  slow  stirring  action  in  a  second  machine. 
This  granulated,  or  coagulated,  the  minerals  that  had  been  oiled  into 
nodules  which  were  afterward  separated  from  the  pulp  by  gravity.  The 
defect  of  this  process  was  that  only  part  of  the  mineral  granulated,  the 
rest  of  it  appearing  on  the  surface  of  the  pulp  as  a  scum  or  froth,  and  so 
was  lost  in  the  taiUngs.  This  defect  of  the  Cattermole  process  suggested 
the  fundamental  idea  of  the  process  afterward  described  by  Sulman. 
Picard,  and  Ballot  in  their  patents,  in  which,  instead  of  granulating  pan 
of  the  mineral,  all  of  it  was  floated.  This  patent  forms  the  basis  of  all  the 
Minerals  Separation  operations.  It  was  first  exploited  in  Australia  and 
in  a  short  time  replaced  all  other  flotation  processes  in  that  country. 

In  1904,  MacQuisten  brought  out  his  ingenious  tube  process,  which 
gave  excellent  results  on  the  sandy  portions  of  the  feed,  but  was  inopera- 
tive when  slime  was  present.  This  was  a  strictly  surface-tension  method, 
and  its  inability  to  handle  slime  was  a  serious  limitation. 

In  1912,  Hyde  introduced  a  modification  of  the  Minerals  Separation 
process  into  the  mill  of  the  Butte  &  Superior  Co.,  Butte,  Mont.  This 
differed  from  the  regular  practice  in  that  roughing  and  cleaning  of  the 
concentrates  were  done. 

Description  op  Callow  Pneumatic  Flotation  Pbocess 

Early  in  1909, 1  did  a  great  deal  of  work  with  the  MacQuisten  flotation 
process,  and  was  instrumental  in  the  tube-plant  installation  at  the  Morn- 
ing mill  at  MuUan,  Idaho.  This  work  was  followed  by  a  large  amount  of 
experimenting  on  the  different  kinds  of  existing  flotation  processes,  the 
outcome  of  which  was  the  development  of  the  pneumatic  process. 

The  first  application  of  pneumatic  flotation  for  the  treatment  of  ore  was 
made  at  the  mill  of  the  National  Copper  Co.,  at  MuUan,  Idaho,  which  was 
designed  and  built  by  me.  Construction  was  started  on  Aug.  14,  1913, 
and  the  plant  went  into  operation  about  Apr.  10,  1914.  The  flow  sheet 
is  shown  in  Fig.  1.  It  was  a  metallurgical  success  in  every  way  from  the 
start. 

Since  that  date,  the  process  has  been  adopted  by  nearly  all  the  other 
mills  in  the  Coeur  d'Alenes  treating  lead  and  lead-zinc  ores,  notably  the 
Gold  Hunter,  Morning,  Hercules,  Bunker  Hill  &  Sxillivan,  Caledonia, 
Last  Chance,  Hecla,  Standard,  etc.,  a  total  of  about  50  cells  in  all,  treating 
from  1,500  to  2,000  tons  of  slime  and  fine  sand  feed  per  day.  The  same 
process  too  has  since  been  adopted  by  the  Inspiration  Copper  Co.,  the 
Arizona  Copper  Co.,  the  Anaconda  Copper  Mining  Co.,  the  Magma  and 
other  copper  companies,  and  by  the  Silver  King,  Daly-Judge,  Duquesne, 
and  El  Rayo  mining  companies,  on  lead,  zinc  and  other  ores,  making  a 
total  of  some  680  cells  operating,  or  in  the  course  of  installation,  having  a 
combined  capacity  of  about  25,000  to  28,000  tons  per  day. 


NOTES   ON   FLOTATION 


2324 


NOTES  ON  FLOTATION 


Fig.  2  illustrates  the  various  elements  composing  the  Callow  procos 
in  general. 

Mixing 

In  the  mixer  A,  operated  by  compressed  air,  the  oil,  air,  and  wsUt 
are  mixed  and  emulsified,  the  same  type  of  apparatus  being  in  commoD 
use  in  cyanide  works.  In  cases  where  the  oil,  or  frothing  agent,  can  hf 
fed  into  the  crushing  machine  or  tube  mill,  this  mixer,  or  Pachuca  tank, 
can  be  dispensed  with,  the  tube  mill  discharging  direct  to  the  separaton' 
cell. 
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It  has  been  conclusively  proved  that  agitation  per  ae  is  not  necesssij 
to  successful  flotation  by  the  pneumatic  method.  In  one  of  the  plant.' 
a  Fachuca  mixer  for  each  four  roughing  cells  was  installed.  The  pulp 
from  a  Dorr  thickener  was  delivered  to  the  Pachuca  by  a  belt-and-buckcl 
elevator,  the  oil  being  fed  into  the  boot  of  the  elevator.  It  was  found 
that  the  mixing  obtained  in  the  elevator  alone  gave  as  good  results  is 
when  the  Fachucas  were  used;  so  the  use  of  Fachuca  tanks  in  this  plan' 
was  abandoned. 
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The  Separatory  Cell 

The  initial  or  roughing  separatory  cell  B  consists  of  a  tank  about 
9  ft.  long  overall,  and  24  in.  wide,  with  a  bottom  inclined  at  from  3  to 
4  in.  to  the  foot;  it  is  20  in.  deep  at  the  shallow  end  and  45  in.  deep  at  the 
other  end.  It  may  be  built  of  either  steel  or  wood,  but  wood  construction 
is  preferable. 

Fig.  3  shows  the  cell  in  detail.  The  bottom  of  the  tank  consists  of 
a  porous  medium  made  of  four  thicknesses  of  loosely  woven  canvas 
twill,  properly  supported  by  a  backing  of  perforated  metal  to  prevent 
its  bulging  when  under  air  pressure.  Through  this  porous  medium  com- 
pressed air  is  forced  by  the  blower  E  (Fig.  2).  Porous  brick,  or  any  other 
ceramic  material  that  will  give  the  necessary  fine  subdivision  to  the  air, 
may  also  be  used.  Some  of  these  have  been  tried  out,  but  for  practical 
and  mechanical  reasons  the  loosely  woven  canvas  twill  seems  to  serve 
all  purposes  better  than  anything  else,  and  has  been  adopted  as  the 
standard  porous-bottom  construction. 

The  space  underneath  this  porous  medium  or  bottom  is  subdivided 
into  eight  compartments,  each  connected  by  an  individual  pipe  and  valve 
with  the  main  air  pipe.  By  this  means  the  air  pressure  to  each  com- 
partment can  be  regulated  (by  throttling  the  valve)  to  correspond  to 
the  varying  hydraulic  head  within  the  tank,  and  so  as  to  discharge  a  uni- 
form amount  of  air  throughout  the  length  of  the  bottom  and  maintain 
a  uniform  aeration  of  the  contents.  A  pressure  of  from  4  to  5  lb.  is  gen- 
erally used,  each  square  foot  of  porous  medium  requiring  from  8  to  10 
cu.  ft.  of  free  air  per  minute. 

Each  longitudinal  edge  of  the  tank  is  provided  with  a  lip  and  an  over- 
flow gutter  for  the  reception  of  the  froth  to  be  discharged.  The  lower 
end  of  the  tank  is  furnished  with  a  spigot  discharge  fitted  with  a  plug 
valve,  operated  by  a  float,  to  maintain  a  uniform  water  level  within  the 
tank  and  thus,  in  turn,  maintain  a  uniform  and  constant  discharge  of 
froth  imder  all  the  varying  conditions  of  feed  supply  incident  to  practical 
milling  operations.  The  water  level  may,  of  course,  be  varied,  but  is 
usually  maintained  at  about  10  to  12  in.  below  the  level  of  the  overflow 
lips. 

The  tailing  is  discharged  through  the  spigot  and  the  frothy  concen- 
trate is  conveyed  by  means  of  the  side  gutters  to  the  pump  D^  and  thence 
to  the  cleaner  separatory  cell  C,  This  cleaner  cell  is  a  machine  of  the 
same  construction  as  the  rougher.  In  operation,  however,  it  is  usually 
run  with  a  lower  air  pressure  than  that  used  on  the  rougher.  The  tailing 
from  the  cleaner  is  returned  by  pump  D*  to  the  original  feed,  a  closed 
circuit  thus  being  maintained  on  this  portion  of  the  feed.  The  concen- 
trate from  the  cleaner  is  the  shipping  or  finished  concentrate.  Pump  D^ 
can  well  be  eliminated  by  setting  the  cleaner  at  a  lower  elevation  and 
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conveying  the  rougher  froth  to  it  by  gravity.     Usually  one  cleaner 
serves  four  roughers. 

Cells  May  Be  Used  in  Parallel  or  Series 

The  machines  may  be  run  either  in  parallel  or  in  series  without  any 
sacrifice  in  the  capacity  for  a  given  number  of  cells.  Recent  experience 
goes  to  show  that  on  some  ores  the  series  treatment  gives  a  slightly 
cleaner  tailing;  on  others  it  does  not.  It  is  not  necessary  to  extend  this 
arrangement  of  cells  beyond  two  cells  in  series.  In  a  heavily  mineralized 
ore  this  arrangement  is  decidedly  advantageous,  and  in  such  a  case  the 
rougher  concentrate  might  be  of  high  enough  grade  to  dispense  with  the 
re-cleaning  operation.  The  froth  from  the  second  cell  in  the  series  might 
be  returned  to  the  original  feed  in  the  same  way  that  the  tailing  is  re- 
turned from  the  cleaner  when  practicing  a  roughing  and  cleaning  opera- 
tion.    A  number  of  such  combinations  are  possible. 

At  the  mill  of  the  Inspiration  Copper  Co.  (Fig.  4),  the  original  feed 
goes  to  12  primary  roughers,  the  tailing  from  which  is  classified  into  sand 
and  slime,  the  sand  going  to  tables  and  the  slime  to  12  secondary  roughers. 
The  concentrates  from  both  the  primary  and  secondary  roughers  go  to 
four  cleaner  cells,  and  the  tailing  from  the  cleaner  cells  is  pumped  back 
into  the  circuit. 

Froth  Formation, 

The  froth  is  generated  as  the  result  of  injecting  the  finely  divided  air 
into  the  bottom  of  the  already  emulsified  pulp;  it  continues  to  form  and  to 
overfiow  so  long  as  it  is  furnished  with  pulp  of  the  proper  consistency, 
adequately  mixed  with  the  right  quantity  and  kind  of  oil  or  frothing  agent. 
Measured  from  the  water  level  within  the  tank,  the  froth  produced  may  be 
from  14  to  16  in.  thick  and  will  be  more  or  less  voluminous,  coarse  or 
fine  grained,  dry  or  watery,  according  to  the  character  of  the  ore  and  the 
kind  and  quantity  of  oil  introduced.  The  condition  of  the  froth  may  be 
varied  therefore,  by  changes  in  the  kind  and  quantity  of  oil  used,  and  the 
quantity  of  air  injected. 

In  some  ores,  rich  in  sulphides,  and  where  a  comparatively  low-grade 
concentrate  will  suffice,  the  cleaning  cells  may  not  be  necessary,  but  on 
low-grade  ores  having  a  high  ratio  of  concentration  and  when  a  concen- 
trate of  extreme  cleanness  and  of  maximum  grade  is  required,  a  cleaner  is 
desirable. 

Pvlp  Density 

The  pulp  to  be  treated  may  be  of  varying  density,  from  2}^  of  water 
to  1  of  ore,  up  to  5  or  6  to  1.  For  a  mixture  of  sand  and  slime,  the  former 
ratio  is  preferable,  but  for  a  pure  slime  mixture  (minus  200  mesh)  the 
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larger  proportion  of  water  is  aUowable.  The  particular  density  is  not  a 
matter  of  as  much  importance  as  the  supplying  of  pulp  of  uniform  density, 
since  each  variation  in  the  density  of  the  pulp  requires  a  readjustment  of 
the  oil  supply,  the  quantity  of  oil  increasing  in  proportion  to  the  increased 
volume  of  the  pulp,  independent  of  its  solid  contents. 

Capacities 

A  normal  capacity  for  each  standard  roughing  cell  is  50  tons  per  24 
hr.  This,  of  course,  will  vary  according  to  the  nature  of  the  ore.  In 
one  plant  which  practices  gravitation  previous  to  flotation,  only  the  fine 
sand  and  slime  being  treated,  the  rate  is  50  tons  per  rougher  cell.  The 
Inspiration  Copper  Co.  practices  flotation  as  the  prime  process,  each 
800-ton  section  employing  24  roughing  cells  and  four  cleaners.  The  cells 
in  this  case  are  run  in  series,  the  primary  cells  treating  the  original  feed 
and  the  secondary  cells  treating  only  the  slime  from  the  primary  tailing 
after  the  sand  has  been  removed.  This  gives  an  average  of  33.3  tons 
per  roughing  cell.  The  Arizona  Copper  Co.'s  plant  (Fig.  5)  will  treat  the 
slime  and  re-crushed  sand  from  previous  gravity  treatment;  out  of  an 
original  tonnage  of  4,000  about  3,600  tons  will  be  treated  by  flotation. 
This  will  be  handled  on  63  roughers  run  in  parallel,  and  18  cleaners,  or  an 
average  of  approximately  57  tons  per  roughing  cell,  or  45  tons  per  cell 
for  roughing  and  cleaning. 

Some  tests  have  shown  little  difference  in  recovery,  whether  running 
45  tons  to  the  cell  or  65;  but  that  the  recoveries  commence  to  decline  as 
soon  as  the  tonnage  exceeds  75  tons.  In  the  Coeur  d'Alenes,  on  zinc-lead 
ores,  35  tons  per  cell  is  an  average  capacity.  The  flow  sheet  of  the  Daly- 
Judge  mill  (Fig.  6)  shows  the  arrangement  for  treating  a  zinc-lead  ore  in 
the  form  of  a  fine  sand  and  slime  feed. 

Oils  Used 

The  oils  used  may  be  broadly  divided  into  "  frothers  "  and  *'  collectors." 
The  pine  oils  are  good  frothers  and  coal  tar  and  its  various  subdivisions  are 
good  collectors.  On  some  ores,  crude  pine  tar  will  in  itself  combine  the 
properties  both  of  frothing  and  collecting;  on  others,  this  may  have  to  be 
enriched  by  the  addition  of  some  one  of  its  more  volatile  constituents, 
such  as  refined  pine  oil,  turpentines,  or  wood  creosote. 

Generally  speaking,  the  coal-tar  products  are  poor  frothers,  and 
to  get  a  sufficient  volimie  of  froth  to  insure  a  high  recovery  it  is  often 
necessary  to  add  refined  or  crude  pine  oil,  creosote,  etc.  At  the  Inspira- 
tion mill,  for  instance,  the  mixture  is  80  per  cent,  crude  coal  tar,  20  per 
cent,  coal-tar  creosote;  at  another  plant  on  similar  ore  45  per  cent.  El  Paso 
coal  tar,  40  per  cent,  coal-tar  creosote,  10  per  cent,  creosol,  and  5  per  cent. 


2330 


NOTES   ON   FLOTATION 


—  ^^U^g^^j^Jg^^2;j2gj^g^ — 


-mM^rhtft 


f^'SrrfMfrotN^  Stru.9 


^ 


£!o,w<Ar. 


^^^ 


I 


sz 


\30Ms^i.K^ 


m 


r7b^ 


^Srto  7g  ^fac^Miwg^  ^Eus 


^g£t£^^a.^;eMSL 


^^It.— ^ 


K§MMe^j»fM7^mrir 


OltCT 


Fig.  5. 


NOTES  ON  FLOTATION 


2331 


/^<f  -  fCO  7btmJh»miaat<5Spi9ot9  and 

•¥19C       m     tB.O*f, 


^-TLOT/mON  EXPERIMENTS'- 


Daly- Judge  Mill. 

Tc9tN^34. 


m       41M         •       tOiSO        m  S.90      kui'^kS 


cnftsuLTitim  Engine  em 
amj"  i^fffi  arr  irmn 


tSJS 


94.9S<^-matL»md. 
/«.«/<•    .    Ktne. 


tkiJhnc  •    /«.07<  • 


A9Lmd    •/AM<<WWl«a< 
4iuittme    »rU6f%»    -   eiitc. 


0.f  L»a4 
f.4  eiHC 
A/Mmt 


•  ^f1j»  -      «     9t/90fl 


AM0. 


m* 


Thfat  6tiB9r  ts  Contoufd  m  Ltod  <^net»> 


r,  emdi»  mertk  fScmits 


Silver  m  Xime  (Sonets,  a  pt^tablu  earned  tf  the 
ftr  Lead  CeeeentratedT  ^ 

Mdual  Sofi^my  ^ertod  •  ji  Iteeam  rmettiitf  em  'Orjf'Ore. 

Time  Sampiee  tattan  wM  Sttm  MifeA  eeer^  t  ttamr  am  f^md.  Lead  Camd%  Erne  Caae*%  A^SmihOaef^  AfM 
deaaer  Camet^   amd  Smmmrai  Ttita,  fir  4  se^ffse^sc^  md' S  aeeei^  remecttae^  ,  . 

M  uaadam  On^mmi  reed.  40<  Ceil  Ar,  ^QmnbrCreomete, mofnaeOiimt^ fi^a  rate  ^ 9J9»x perlbiJif) 
OdaaedaeeuK  Hide,  from M^ i TMIe  *9Sii  heaMN^S  amd  SiLCtatl^  at  lie  rata  tT  /.S  lte,aet7ba 


I  reed  m  40%  Ceil  Tbr,  40%Cbei  Tbr  ( 
am euK  Mids,framM^i'Mia  ^9S%  haaW N^€  emd  SiL dull^  at  tte  rate  tf  f.S IHi 

£0'S/«/e  /fuh  OotaiidttetM. 


Fig.  6. 


2332  NOTES  ON   FLOTATION 

pine  oil.  At  Daly-Judge  a  mixture  of  40  per  cent,  crude  coal  tar,  40  per 
cent,  creosote,  and  20  per  cent,  pine  oil  was  used.  In  the  Coeur  d'Alenes 
on  zinc  ore  straight  wood  creosote  was  used;  on  the  ore  of  the  National 
Copper  Mining  Co.,  plain  turpentine  will  work,  but  pine  oil  is  better. 

At  Inspiration,  from  1}/^  to  2  lb.  of  the  mixture  per  ton  of  ore  was  used; 
at  Daly-Judge,  1  to  1)^  lb.;  and  at  the  National  0.3  lb.  of  oil  is  sufficient. 
In  the  experimental  work  at  another  plant  the  oil  consumption  was 
approximately  1  lb.  of  mixture  per  ton;  but  since  the  entire  plant  has  been 
in  operation,  and  the  circuit  water  reclaimed  and  used  over  a^ain,  the 
oil  consiunption  has  dropped  to  0.35  lb.  At  present  the  proper  kind  or 
kinds  of  oil  and  the  requisite  quantity  can  only  be  determined  by  experi- 
ment; no  scientific  way  has  thus  far  been  found. 

Character  of  Froth 

The  froth  made  by  the  pneiunatic  process  has  the  distinctive  char- 
acteristic of  being  imstable  or  ephemeral;  that  is,  it  quickly  dies  when 
removed  from  the  action  of  the  injected  air.  The  bubbles  composing  the 
froth  are  generated  under  a  hydraulic  pressure  varying  from  15  to  40  in.; 
upon  rising  above  the  water  to  the  froth  level,  the  bubbles  burst  by  reason 
of  the  lower  pressure  of  the  atmosphere.  On  biusting,  they  release  the 
mineral  attached  to  them,  which  is  caught  up  by  the  bubbles  following 
immediately  behind.  The  stability  of  the  bubbles  depends  to  some  extent, 
upon  the  oil  used  and  the  nature  of  the  gangue  in  the  pulp  treated.  Pine 
oil  makes  a  brittle  froth  which  dies  immediately  on  arriving  at  the  surface. 
Creosote  and  light  oil  make  a  more  elastic  envelope  which  at  times  will 
expand  into  bubbles  3  to  4  in.  in  diameter  before  bursting.  Pine-ofl 
bubbles  are  rarely  over  3^  or  3^  in.  in  diameter.  Castor  oil,  olive  oil, 
candle-makers'  oil  (oleic  acid),  palm  oil,  sperm  oil,  and  other  oils  of  a  lubri- 
cating nature,  have  in  general  been  replaced  by  oils  more  or  less  soluble 
or  miscible  in  water — such  as  turpentine,  pine  oil,  and  all  the  coal-  and 
wood-tar  distillations.  The  extremely  volatile  oils  such  as  naphtha, 
gasoline,  ether  and  alcohol,  seem  to  be  of  little  use  except  as  means  for 
making  the  pitchy  ingredients  of  coal  and  wood  tars  more  soluble  or 
miscible. 

A  large,  coarse,  and  elastic  bubble  seems  necessary  to  the  recovery  of 
coarse-grained  mineral,  but  for  the  very  fine  and  colloidal  mineral,  a 
small  and  comparatively  brittle  bubble  is  necessary. 

Pov}er 

The  National  Copper  Mining  Co.,  using  approximately  950  cu.  ft.  of 
air  at  4-lb.  pressure,  and  treating  500  tons  per  day  on  eight  roughers  and 
two  cleaners,  required  35  hp.;  this  shows  a  requirement  of  3.5  hp.  per  cell, 
equivalent  to  12.53  tons  per  horsepower  or  1.25  kw.-hr.  per  ton. 
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Another  company  using  approximately  9,600  cu.  ft.  of  air  at  5-lb. 
pressure  and  treating  2,400  tons  per  day  on  48  roughers  and  12  cleaners, 
requires  210  hp.,  equivalent  to  3.5  hp.  per  cell,  11.45  tons  per  horsepower, 
or  1.56  kw.-hr.  per  ton. 

The  experimental  plant  of  the  Inspiration  Copper  Co.,  using  approxi- 
mately 950  cu.  ft.  of  air  at  5-lb.  pressure  and  treating  200  tons  per  day 
with  four  roughers  and  one  half-size  cleaner,  required  24  hp.;  deducting 
4  hp.  for  two  2-in.  centrifugal  pumps  the  figures  become  4  hp.  per  cell,  10 
tons  per  horsepower,  or  1.79  kw.-hr.  per  ton. 

A  maximum  figure  would  be  2}/^  kw.-hr.  per  ton  of  feed,  using  5-  to 
53^-lb.  air  pressure,  generated  by  Roots  or  Connersville  positive  blowers. 

Costs 

Oil. — ^The  oil  mixtures  generally  in  use  cost  from  1.25c.  per  pound  up 
to  3c.  per  pound.,  depending  on  the  percentage  of  creosol  and  other  high- 
priced  oils  used;  on  most  ores,  IJ^c.  per  pound  is  a  safe  average  figure,  and 
a  consumption  of  1  to  1}/^  lb.  or  from  1.25c.  to  4.5c.  per  ton  of  feed,  aver- 
aging 23^c.  would  be  a  safe  estimate. 

Labor, — This  will  vary,  of  course,  with  the  size  of  the  plant.  At  one 
plant  consisting  of  60  cells,  two  men  per  shift  operate  the  entire  plant, 
equivalent  to  a  cost  of  l^c.  per  ton.  One  man  per  shift  on  a  250-ton 
plant  means  a  cost  of  5.4c.  per  ton  maintenance.  Assiuning  a  life  of 
three  months  per  blanket,  a  capacity  of  50  tons  per  cell,  and  an  allowance 
for  repairs  to  blowers,  motors,  pumps,  etc.,  we  have  3^c.  per  ton  as  a  lib- 
eral allowance. 

Power. — With  power  at  Ic.  per  kilowatt-hour,  and  a  cbnsimiption  of 
23^  kw.-hr.  per  ton,  the  cost  would  figiu-e  2.5c.  per  ton  of  feed. 

Summarized,  the  estimated  cost  on  a  2,000-ton  flotation  plant,  or  larger, 
would  be  approximately  as  follows: 

Per  Ton. 
Cento 

Labor , 1.26 

OU ! 2.60 

Maintenance 0.50 

Power 2.60 

Total 6 .  76 

On  a  plant  of  250  tons  the  extra  labor  costs  per  ton  would  bring  it  up 
to  approximately  10c.  per  ton  of  flotation  feed. 

Actual  figures  from  a  large  plant  treating  over  2,000  tons  by  flota- 
tion gave  6.1c.  per  ton;  the  flotation  feed  in  this  case  represents  60  per 
cent,  of  the  crude-ore  tonnage,  making  the  cost  3.5c.  per  ton  of  crude  ore 
treated. 
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Theories 

So  far  no  satisfactory  explanation  of  flotation  phenomena  has  been 
advanced.  At  my  instigation  and  imder  my  direction,  a  large  amomit  of 
research  work  has  been  done  in  an  endeavor  to  formulate  some  logical 
explanation  of  the  phenomena,  and  perhaps  to  find  some  scientific  way 
of  conducting  flotation  experiments  in  place  of  the  empirical  methods  now 
in  vogue.  Although  the  latter  object  has  not  yet  been  attained,  still 
these  experiments  have  resulted  in  the  formulation  of  a  theory  that  appears 
to  be  well  grounded  and  that  may  prove  of  interest  and  value  to  others 
engaged  in  this  art. 

Much  work  has  been  done  at  the  Mellon  Institute  at  Pittsburgh 
under  the  direction  of  Dr.  Raymond  C.  Bacon,  and  lately  by  James  A. 
Block  at  the  station  of  the  U.  S.  Bureau  of  Mines  in  Salt  Lake  City.  The 
result  of  all  of  this  work  is  summed  up  in  the  following  statement: 

In  considering  the  connection  between  flotation  phenomena  and  the 
physical  properties  of  the  minerals  concerned,  there  are  two  parallelisms: 

First. — It  has  been  noticed  for  some  time  that  the  minerals  which 
floated  were  not  easily  wetted  by  water,  while  those  which  were  easily 
wetted  did  not  tend  to  come  up  with  the  froth.  This  is  the  basis  of  about 
the  only  theory  so  far  widely  circulated;  it  was  well  stated  by  Hoover  in 
his  book,  Concentrating  Ores  by  Flotation. 

Second. — There  is  a  parallelism  between  certain  electrostatic  char- 
acteristics and  the  flotation  properties  of  ores. 

In  the  first-mentioned  theory,  surface  tensions  and  contact  angles 
should  be  considered.  Certain  minerals,  such  as  galena,  will  float  on  the 
surface  of  still  water,  while  gangue  particles,  since  they  possess  a  greater 
adhesive  attraction  for  the  water  than  the  water's  cohesive  attraction 
for  itself,  will  be  drawn  through  the  surface  film  into  the  interior,  and 
sink  because  of  their  greater  specific  gravity.  These  properties  of  flotable 
minerals  and  gangues  are  increased  by  the  presence  of  oil  and  acid.  Oil 
sticks  to  galena  with  greater  tenacity  than  it  does  to  silica,  and  an  dl 
surface  is  still  less  easily  wetted  than  a  galena  surface.  The  acid  in  the 
water  causes  a  still  greater  difference  in  the  various  surface  tensions. 
This,  it  seems,  is  without  question  the  explanation  of  the  action  in  the 
MacQuisten  process,  in  which  the  ore  particles  are  lifted  to  the  surface, 
where  they  can  be  removed  by  skimming  off  the  surface  layer  of  the  liquid. 

With  reference  to  the  second  parallelism,  it  has  'been  noticed  that 
extremely  small  amounts  of  certain  colloidal  impurities,  such  as  saponin 
or  tannin,  were  detrimental  to  flotation;  while  others,  such  as  Congo  red 
and  methylene  blue,  did  not  interfere,  and  were,  if  anything,  beneficial. 
In  classifying  these,  the  injurious  ones  generally  came  under  the  head  of 
what  physical  chemists  call  electronegative  colloids,  while  electropositive 
colloids  were  not  harmful.    Suspended  particles  will  generally  migrate 
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when  placed  in  an  electric  field,  and  this  classification  comes  naturally 
from  the  direction  of  their  migration.  This  migration  is  called  electro- 
phoresis,  or  electrical  endosmose,  and  is  the  result  of  the  formation  of 
contact  layers  around  the  particles  by  the  Uquid  containing  them,  very 
similar  to  the  formation  of  surface  films  when  hquids  come  in  contact 
with  air.  These  contact  fihns  almost  invariably  have  a  difference  of 
potential  between  their  inner  and  outer  surfaces.  An  air-water  contact 
film  has,  for  instance,  a  difference  of  0.055  volts,  and  other  contact  films 
have  similar  charges.  This  causes  the  particles  to  act  like  charged  solids, 
and  to  be  attracted  by  electric  charges  of  opposite  sign. 

The  charges  on  sohds  and  non-miscible  liquids  can  be  conveniently 
studied  on  the  stage  of  a  microscope. 

This  work  naturally  led  to  the  study  of  the  charges  exhibited  by  va- 
rious ores  and  mine/ab,  and  in  that  work  an  interesting  parallelism  was 
observed;  namely,  that  flotable  minerals  seemed  to  have  positive  charges, 
and  non-flotable  gangues  negative  charges.  Some  gangues  were  found 
with  positive  charges,  but  they  were  characteristically  hard  to  handle, 
having  a  tendency  to  come  up  with  the  froth.  These  charges  sometimes 
vary  with  the  acidity  or  alkalinity  of  the  liquid,  and  this  variation  is  not 
inconsistent  with  the  effects  of  acidity  or  alkalinity  on  the  flotation  of 
ores. 

It  has  been  noticed  that  these  electrostatic  properties  depend  on 
the  condition  of  the  surface  of  the  particle  and  not  upon  the  composition 
of  the  mass.  For  instance,  lead  oxide  which  is  ordinarily  negative,  or 
neutral,  when  covered  with  a  sulphide  coating,  takes  upon  itself  a  positive 
charge. 

Recent  investigations  on  the  coagulation  and  deflocculation  of  slimes, 
on  the  coagulation  and  dispersion  of  colloids,  and  along  similar  lines, 
show  that  these  contact  film  charges,  although  small,  have  an  important 
bearing  on  the  dispersion  or  coherence  of  particles  suspended  in  liquid 
mediums.  In  fine  suspensions  and  in  colloidal  solutions,  these  charges 
may  often  be  neutralized  by  the  introduction  of  oppositely  charged  ions, 
precipitation  generally  taking  place  whenever  these  charges  fall  below 
certain  limits.  Oppositely  charged  contact  films  have  a  general  tendency 
to  coalesce,  while  similarly  charged  films,  if  their  charges  are  great  enough 
to  overcome  natural  cohesiveness,  do  not  seem  to  coalesce,  but  to  repel 
each  other,  and  if  the  weight  of  the  particles  is  small  enough  in  relation 
to  their  size  and  surface,  permanent  dispersion  will  take  place,  the  parti- 
cles distributing  themselves  through  a  liquid  in  much  the  same  manner 
that  gas  will  fill  a  container. 

In  view  of  the  above  observations,  it  seems  possible  that  flotation  is  the 
result  of  difference  in  polarity  in  the  charges  on  the  various  ore  particles, 
and  on  the  bubbles.  Since  oil  contact  films  and  air  contact  films  have 
both  been  proved  to  have  negative  charges,  the  positively  charged  miner- 
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aJs  will  adhere  to  either.  The  bubble  mantles  in  a  flotation  machine  are 
undoubtedly  composed  of  oil,  or  of  oil  in  emulsion,  since  pure  water  alone 
will  not  froth.  The  same  forces,  then,  that  cause  oppositely  charged  col- 
loids to  agglomerate  and  precipitate,  cause  the  minerals  to  adhere  to  the 
oil-covered  bubbles;  and  the  same  forces  that  keep  the  particles  of  an  ofl 
emulsion  dispersed,  keep  the  gangue  particles  repelled  from  the  bubbles. 

Expressed  briefly,  the  theory  is  as  follows: 

That  oil  flotation  is  an  electrostatic  process.  It  is  a  scientific  fact 
that  when  a  solid  particle  is  suspended  in  water,  the  water  will  form  around 
the  particle  a  contact  film  which  generally  possesses  an  electric  charge,  the 
amoimt  and  polarity  depending  upon  the  nature  of  the  surface  of  the  par- 
ticle and  the  electrolyte  in  which  it  is  suspended.  The  presence  of  these 
charges  can  be  demonstrated  by  the  fact  that  the  particles  possesang 
them  will  migrate  when  placed  in  an  electric  field.  It  has  been  demon- 
strated that  flotable  particles  have  charges  of  one  polarity  (positive), 
and  that  non-flotable  particles  have  charges  of  the  opposite  polarity 
(negative) ;  that  the  froth  is  charged  negatively  and  so  attracts  the  posi- 
tively charged  or  flotable  minerals,  and  repels  the  negatively  charg^  or 
non-flotable  ones.  It  is  this,  it  is  beUeved,  that  causes  the  flotable  min- 
erals, galena,  sphalerite,  etc.,  to  adhere  to  the  froth,  and  the  gangue 
minerals,  silica,  etc.,  to  remain  in  the  liquid  where  they  can  be  discharged 
as  tailing. 

Discussion 

Jambs  A.  Block,  Salt  Lake  City,  Utah. — ^As  I  have  done  some  of 
the  experimental  work  upon  which  this  theory  has  been  based,  a  brief 
outline  of  some  of  my  experiments  might  not  be  out  of  place.  During 
the  last  few  months  I  have  tested  about  50  samples  of  ores,  etc.,  the  flota- 
tion^characteristics  of  which  I  knew.  Some  of  these  were  samples  of 
froth  and  tailings  from  plants  in  actual  operation,  but  most  of  them  were 
samples  taken  from  laboratory  tests  going  on  at  the  plant  of  the  Greneral 
Engineering  Co.,  and  at  the  station  of  the  U.  S.  Bureau  of  Mines,  Salt 
Lake  City.  In  all  of  these  experiments,  no  real  exception  to  the  theory 
was  found.  All  of  the  tailing  samples  produced  in  actual  flotation  showed 
a  negative  polarity;  all  of  the  ores  with  the  so-called  "bad  gangues,'* 
except  one  or  two,  showed  some  positive  polarity,  and  these  exceptions 
could  be  explained  by  the  extreme  dryness  and  scaliness  of  the  gangue 
minerals;  and  all  of  the  froth  products  showed  positive  polarity  wheji 
the  samples  were  fresh.  It  was  often  true  that  after  standing  some  time, 
these  froth  samples  would  reverse,  especially  when  they  contained  con- 
siderable oil,  but  this  reversal  can  be  explained  if  we  assume  that  the  oil 
forms  a  coating  around  the  particles  upon  standing. 

The  question  might  naturally  be  asked,  "can  these  electric  charges 
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be  put  to  any  practical  use?"  A  machine*  used  to  purify  clays  employs 
very  similar  charges  on  the  constituent  particles  of  clay.  This  machine 
(see  Fig.  7)  consists  of  a  revolving  cylinder,  made  of  conducting  material, 
such  as  iron,  about  half  inunersed  in  a  clay  pulp  in  a  trough.  At  a  dis- 
tance of  about  ^  in.  from  the  immersed  side  of  the  cylinder  is  a  coarse 
wire  screen.  A  direct  current  of  about  50  volts  was  applied  to  the  cy- 
linder and  the  screen,  the  cylinder  being  the  anode  and  the  screen  the 
cathode.  The  cylinder  attracted  the  negatively  charged  kaolin,  while 
the  screen  attracted  the  positively  charged  pyrite,  ferric  hydroxide, 
and  aluminum  hydroxide.  It  was  found  that  a  product  running  only 
about  17  to  20  per  cent,  moisture  could  be  scraped  off  the  upper  side  of 
the  cylinder,  which  revolved  slowly,  while  the  impurities  fell  through 


Fig.  7. — Apparatus  Used  in  PxnumNO  Clats. 

a  Revolving  cylinder 

b  wire  screen 

C  Wood  trough 

d  Clay  pulp 

the  screen  to  the  bottom  of  the  trough.  The  objection  to  the  process 
was  the  high  cost  of  the  power  needed,  which  averaged,  as  I  remember  it, 
over  30c.  per  ton  of  product,  but  the  process  is  undoubtedly  of  interest 
in  that  it  shows  that  these  electrostatic  charges  are  dependable  enough  to 
be  put  to  practical  uses.  It  is  also  of  interest  in  that  the  polarity  of  the 
charges  noticed  on  various  minerals  checks  the  results  of  the  experimental 
work  upon  which  this  theory  is  based. 

Oliveb  C.  Ralston,  Salt  Lake  City,  Utah. — ^Perhaps  the  most  in- 
teresting part  of  Mr.  Callow's  paper  is  the  reference  to  a  theory  of  flota- 
tion founded  on  the  electric  charges  of  the  ore  particles,  oil  droplets,  air 
bubbles,  etc.,  involved. 


^  TroMoetiona  of  the  EnglUh  C^omo  Society,  vol.  xii,  pp.  36  to  64  (1012-13), 
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For  some  time  I  have  had  a  growing  conviction  that  possibly  tiie 
particles  dealt  with  in  the  flotation  of  sulphide  minerals  were  acting 
according  to  certain  laws  laid  down  in  colloid  chemistry.  One  of  the 
characteristic  things  about  either  suspension  or  emulsion  colloids  is  that 
their  individual  particles  are  charged  with  one  or  the  other  sign  of  statie 
electricity.  It  is  known  that  the  amount  and  signs  of  these  charges  can 
be  controlled  by  the  amount  and  character  of  electrolytes  put  into  the 
water  in  which  the  colloids  are  dispersed,  and  in  turn  the  properties  of 
the  colloidal  suspension  are  greatly  changed  with  this  change  in  the  elec- 
tric charges  on  the  particles.  The  question  has  been  whether  the  com- 
paratively coarse  suspensions  of  ore  can  be  compared  with  suspension 
colloids,  or  whether  they  were  too  coarse  to  allow  the  electric  charges  on 
the  suspended  particles  of  mineral  to  produce  any  measurable  effect. 

This  question  has  been  answered  fairly  definitely  in  my  laboratoiy 
during  the  past  year,  for  it  was  found  that  the  electric  charges  on  the 
particles  of  what  we  call  "slimes"  and  "fines"  are  of  considerable  im- 
portance in  the  control  of  the  rate  of  settling  of  such  slimes  in  water. 
With  this  much  definitely  settled,  and  with  a  great  amount  of  literature 
available  in  the  realm  of  coUoid  chemistry  dealing  with  the  electiic 
charges  on  particles  of  such  things  as  quartz,  galena,  and  sphalerite, 
and  on  oil  droplets  and  air  bubbles,  it  was  easy  to  find  a  combination  of 
circumstances  which  might  explain  flotation  from  this  new  viewpoint 
At  about  this  time  George  W.  Biter  made  the  prediction  that  the  depths 
of  electrostatics  would  have  to  be  thoroughly  sounded  before  flotation 
phenomena  could  be  entirely  understood.  He  seemed  to  have  the  idea 
at  that  time  that  the  charges  on  the  particles  were  generated  by  friction 
in  the  flotation  machine,  in  much  the  same  way  that  a  piece  of  sealing 
wax  becomes  charged  when  rubbed  with  flannel;  but  we  know  from  coll(Hd 
chemistry  that  these  charges  of  electricity  arise  whenever  two  substances 
of  unlike  dielectric  constants  come  into  contact. 

Further  work  along  the  line  of  controlling  the  charges  of  the  ore 
particles,  thereby  controlling  the  rate  of  settling  of  the  particles  in  water, 
has  convinced  me  that  the  charges  are  of  considerable  importance  and 
the  results  of  this  work  will  be  reported  soon.  Mr.  Callow  told  me  last 
spring  that  he  had  much  the  same  conception  of  the  matter  as  I,  and  had 
the  MeUon  Institute  in  Pittsburgh  working  on  it  for  some  time.  Mr. 
Callow  sent  a  man  to  the  Salt  Lake  laboratory  of  the  U.  S.  Bureau  of 
Mines  to  try  out  some  methods  of  measurement  which  I  had  proposed 
and  which  had  not  been  used  in  Pittsburgh;  some  of  the  results  are 
presented  in  Mr.  Callow's  paper.  His  work  adds  certainty  to  the  con- 
jecture that  the  electric  charges  on  particles  of  tninerals  suspended  in 
water  are  of  importance  in  flotation  phenomena.  Mr.  Callow  has  out^ 
lined  one  way  of  explaining  just  how  these  electrical  effects  come  into 
play  in  flotation  and  I  have  outlined  a  second  in  an  article  in  the  Mining 
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and  Scientific  Press.  The  knowledge  that  when  flotation  conditions  are 
good  the  froth  has  a  positive  charge  and  the  rejected  gangue  a  negative 
charge,  that  the  oil  droplets  and  the  air  bubbles  are  negatively  charged, 
and  the  sulphide  particles  positively  charged,  is  highly  interesting.  We 
have  here  electrical  effects  which  are  parallel  to  flotation  phenonlena, 
and  the  conclusion  thart  they  are  connected  with  each  other  seems  justifi- 
able. Just  exactly  how  they  are  connected  is  not  yet  clear  and  may  prove 
difficult  of  solution. 

It  is  to  be  hoped  that  further  work  will  be  done  along  this  line  in  order 
that  a  theory  of  flotation  may  be  found,  which  will  afford  a  more  rational 
control  of  flotation  testing,  and  an  extension  of  the  process  to  the  treat- 
ment of  any  kind  of  minerab. 
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The  E£Fect  of  Carbon  on  the  Physical  Properties  of  Heat-Treated 

Carbon  Steel* 

BT  J.  H.   NEADyt  B.  S.,  RACINB,  WIS. 
(New  York  Meeting.  February,  1016) 

Object 

The  experiments  herein  described  were  undertaken  with  a  view  to 
investigating  thoroughly  the  influence  of  carbon  on  the  tensile  and  impact 
physical  properties  of  carbon  steel.  The  original  comprehensive  plan 
included  investigation  of  a  series  of  steels  with  varying  carbon  contents 
over  a  wide  range  of  heat  treatments.  These  were  to  be  studied  as  to 
their  static  tensile  qualities,  and  also  their  resistance  to  shock  as  measured 
by  the  Charpy  impact  bending  test.  A  thorough  metallographic  ex- 
amination was  likewise  included  in  the .  schedule.  The  Charpy  tests 
and  the  metallographic  examination  have  not  been  completed  to  date, 
and  are  accordingly  withheld  for  another  report.  All  heat  treatments, 
however,  have  been  made,  and  the  static  tensile  tests  have  been  completed. 
A  description  of  the  procedure  of  the  experiment  and  the  results  thus  far 
obtained  are  therefore  reported  herein. 

Conclusions 

No  attempt  is  made  to  draw  general  conclusions  from  these  experi- 
ments, but  the  curves  and  the  data  are  submitted  as  being  of  general 
importance  and  wide  applicabiUty. 

Composition  of  Materials 

An  attempt  was  made  to  secure  steels  increasing  in  carbon  by  incre- 
ments of  0.1  per  cent,  from  0.1  per  cent,  up  to  0.8  per  cent.,  and  from  that 
composition  to  1.6  per  cent,  by  increments  of  0.2  per  cent.  Actually, 
however,  steels  of  the  composition  given  in  Table  I  were  procured,  and 
as  the  carbon  contents  were  arranged  sufficiently  well  so  that  satisfactory 
curves  could  be  drawn  showing  the  relation  between  carbon  content  and 
other  properties,  these  steels  were  used  in  the  experiments. 

*  Thia  work  was  done  while  the  author  was  Metallurgical  Engineer  at  Watertown 
Arsenal,  Watertown,  Mass. 

t  Metallurgical  Ghemiat,  Belle  City  Malleable  Iron  Co. 
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Table  I. — Chemical  Composition  of  Steels   Used 


Carbon, 
Percent. 

Perli^ent. 

Suli^iir, 
Percent. 

PhoephoroB, 
Percent. 

flOieoB, 
Per  Cent. 

r*K«.iLMi.Li-ii«- 

"  -iTrmninHt. 
Percent. 

0.14 

0.45 

0.035 

0.018 

0.131 

None 

0.18 

0.56 

0.043 

0.024 

0.132 

None 

0.32 

0.51 

0.027 

0.009 

0.128 

None 

0.46 

0.40 

0.050 

0.020 

0.144 

None 

0.49 

0.60 

0.028 

0.013 

0.127 

None 

0.67 

0.65 

0.028 

0.012 

0.167 

NcMie 

0.71 

0.67 

0.035 

0.027 

0.147 

None 

0.83 

0.55 

0.028 

0.018 

0.152 

None 

1.01 

0.39 

0.029 

0.016 

0.160 

None 

1.22 

0.34 

0.031 

0.025 

0.181 

None 

1.39 

0.20 

0.029 

0.015 

0.191 

None 

1.46 

0.20 

0.035 

0.011 

0.133 

0.35 

It  will  be  noted  that  the  carbon  content  varies  from  0.14  to  1.46 
per  cent.  The  manganese  content  varies  from  0.20  to  0.67  per  cent., 
the  amounts  of  this  element  being  normal  for  conmiercial  steels.    It 
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was  thought  that  the  variations  in  manganese  content  were  not  great 
enough  to  disturb  seriously  the  conclusions  to  be  drawn  as  to  the  effect 
of  carbon. 

Fig.  1  is  an  empirical  curve  showing  the  relative  values  of  the  harden- 
ing properties  of  the  carbon  and  the  manganese  in  these  steels.  The 
ordinate  scale  is  reduced  to  one-quarter  that  of  the  abscissa  scale,  ar- 
bitrarily assuming  that  the  hardening  value  of  manganese  is  one-fourth 
that  of  carbon.  This  is  an  assimiption  often  made  in  practice.  The 
coordinates  of  any  point  on  the  curve  represent,  then,  the  relative  harden- 
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ing  effect  of  the  carbon  and  the  manganese  in  the  steels  whose  composi- 
tions are  given  in  Table  I. 

Heat  Treatment 

No  critical  point  determinations  were  made  on  these  steels.  The 
temperatures  used  in  the  heat  treatments  were  based  on  the  recommended 
annealing  temperatures  for  rolled  and  forged  carbon  steel  objects  of  the 
American  Society  for  Testing  Materials.^ 

The  recommended  temperatures  were  plotted  in  the  form  of  a  curve, 


L 


Air 

Oardon,  aieei. 
Prom  l^mptmhirea  reamrmemcf^ 


€k£rve2 


/^ 


i^ 


ss 


Fio.  2. 

which  is  shown  in  Fig.  2.    The  proper  heat-treating  temperatures  were 
then  read  from  this  curve. 

The  layout  of  heat  treatments  adopted  was  as  follows:  One  tension 
specimen  and  four  Charpy  specimens  were  taken  from  each  steel  for 
each  heat  treatment.  Specimens  were  tested:  (a)  As  received,  hot- 
rolled;  (b)  after  annealing;  (c)  after  hardening  in  water;  (d)  after  harden- 
ing in  oil;  (e)  after  hardening  in  oil  and  drawing  at  375^C.;  (f)  ^fter 
hardening  in  oU  and  drawing  at  460^C.;  (g)  after  hardening  in  oil  and 
drawing  at  560°C.;  (h)  after  hardening  in  oil  and  drawing  at  660®C. 

^  YtoT  Book  of  the  American  Society  for  Testing  Materials,  1014,  pi  201. 
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The  annealing  and  hardening  temperatures  used  for  each  steel  were 
as  follows: 

Steel,  Per  Cent.  Annealing  and  HardeniniE  Temperature, 

Carbon  Decree*  Centigrade 

0.14  866 

0.18  858 

0.32  836 

0.46  819 

0.49  816 

0.57  809 

0.71  800 

0.83  795 

1.01  790 

1.22  790 

1.39  790 

1.46  790 

The  steels  were  originally  received  as  12-  or  14-ft.  bars  1  in.  in  diam- 
eter. From  these  bars,  tensile  and  Charpy  specimens  were  rough- 
machined,  and  were  left  He  i^-  large  on  all  dimensions.  Threads  were 
not  cut  on  the  tensile  specimens,  nor  were  the  Charpy  bars  notched. 
All  specimens  were  to  be  finish-machined  after  heat  treatment.  All 
heatings  were  done  in  a  small  electrically  heated  closed  muffle  furnace, 
which  maintained  a  very  uniform  temperature  throughout  the  heating 
chamber.    The  inside  dimensions  of  the  muffle  were  3%  by  5%  bv 

IIH  in. 

The  heating  for  annealing  and  hardening  all  specimens  for  each  steel 

was  done  at  one  time.    The  procedure  was  as  follows:    The  specimens 

were  suitably  arranged  in  the  furnace  when  cold.    A  platinum-platinum 

rhodium  thermocouple,  the  hot  jimction  of  which  was  inserted  in  a  Sample 

of  the  steel  being  heated,  was  also  arranged  in  the  furnace.    The  muffle 

door  was  closed  with  firebrick  and  asbestos,  and  the  current  turned  on. 

It  required  approximately  Ij^  hr.  for  the  specimens  to  come  to  heat. 

They  were  held  at  the  desired  temperature  for  20  min.    The  specimens 

to  be  hardened  were  then  quenched  in  oil  or  water  as  indicated;  those  to 

be  annealed  were  allowed  to  cool  slowly  with  the  furnace,  the  opening 

to  the  muffle  being  again  closed.    Approximately  8  hr.  was  required  for 

the  furnace  and  annealed  specimens  to  reach  atmospheric  temperature. 

The  drawing  operation  was  performed  as  follows:  A  cast-iron  pot, 
12  by  12  by  12  in.  inside  dimensions,  was  filled  with  a  eutectic  mixtiire  of 
sodium  and  potassium  nitrates  and  was  heated  by  gas.  The  melting 
point  of  this  mixture  is  low  enough  so  that  the  bath  was  molten  at  the 
desired  temperatures.  The  bath  was  raised  to  the  desired  temperature 
and  the  specimens  introduced  in  a  wire  basket.  They  were  maintained 
at  the  drawing  temperature  for  30  min. 

All  temperature  measurements  were  made  by  means  of  platinum- 
platintun  rhoditun  thermocouples  and  a  Leeds  &  Northrup  precision 
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potentiometer.    The    thermocouples    used    were    carefully    calibrated 
before  use. 

Subsequent  to  heat  treatment,  all  specimens  were  finish-machined 


Fig.  3. 


Fig.  4. 
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Fig.  5. 


Fig.  6. 


previous  to  testing.  In  the  case  of  certain  of  the  harder  specimenSi  it 
was  necessary  to  soften  the  ends  so  that  a  thread  could  be  cut  on  them. 
This  was  accomplished^  without  affecting  the  reduced  section  of  the 
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specimens,  by  partially  immersing  them  in  water  and  playing  a  flame  on 
the  end  to  .be  softened. 


Fig.  7. 


FiQ.  8. 


Pia.  9. 
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Testing 

All  tensile  tests  were  made  on  the.  8(X),(X)0-lb.  Emery  hydraulic- 
principle  testing  machine  in  the  laboratory  at  Watertown  Arsenal. 
Brinell  hardness  tests  were  made  on  an  Alpha  machine  under  standard 


PHYSICAL  PROPEBTIES  OF  HEAT-TREATED  CABBON  STEEL        2347 

conditions;  that  is,  using  a  10-mm.  ball,  a  load  of  3,000  kg.  and  a  time  of 
application  of  30  sec. 


Fig.  11. 


Fig.  12. 


Fig.  13. 


Data 

The  results  of  the  tensile  and  Brinell  hardness  tests  are  summarized 
in  Tables  II  to  IX;  while  Figs.  3  to  10  inclusive  graphically  depict 
these  results  showing  for  each  heat  treatment  the  changes  in  physical 


2348         PHYSICAL   PB0PBRTIE8    OF   HEAT-TREATED   CARBOIf   8TEEI. 


properties  due  to  increase  in  carbon  content.  Figs.  11,  12  and  13  show 
the  changes  in  maximum  strength,  yield  point,  and  Brioell  hardne^, 
respectively,  with  increasing  drawing  temperatures.  Curves  for  the 
steels  with  different  carbon  content  are  shown  on  the  same  sheet  ao  that 
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the  relation  between  them  is  readily  apparent.  Photographs  of  the 
fractures  of  the  tension-teat  specimens  tested  in  this  investigation  are 
shown  in  Figs.  14  to  17.  In  all  cases  the  specimens  are  arranged  in  the 
order  of  increasing  carbon  content  from  left  to  right,  the  heat  treatments 
being  indicated  in  the  photographs. 
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DiSCVBSION 

In  plotting  the  curves  in  Figs.  3  to  10  inclusive,  the  observed  points 
have  been  located  and  straight  dotted  lines  drawn  between  them. 
Ideahzed  curves  have  been  drawn  full  following  the  general  shape  of  the 
dotted  curves.    Fig.  5,  showing  results  on  the  water-quenched  speci- 
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mens,  is  given  for  the  sake  of  completeness.  It  is,  however,  of  httle 
value,  fo?  in  the  case  of  all  steels  examined  with  over  0,32  per  cent. 
carbon,  the  unrelieved  internal  stresses  doubtless  caused  irregular  results 
to  be  obtained. 

Maximum  Strength. — In  the  annealed  condition,  Fig.  4,  the  maximum 
unit  strength  reaches  a  maximum  value  at  eutectoid  composition; 
i.e.,  0.83  per  cent,  carbon,  and  then  decreases  slightly  with  increase  of 


2350    PHYSICAL  PBOPBRTIES  OF  HEAT-TREATED  CABBON  STEEL 

carbon.  With  the  heat-treated  steels,  however,  Figs.  6,  7,  8,  9  and  10, 
and  also  in  Fig.  3  for  hot-rolled  steels,  the.  falling  off  in  maximmn  str^gth 
does  not  begin  until  a  composition  of  1.20  per  cent,  carbon  is  reached. 
These  curves  show  a  rapid  rise  in  tensile  strength  with  increasing  carbon 
to  eutectoid  composition,  then  a  less  rapid  increase  in  strength  to  1.20 
per  cent,  carbon,  followed  generally  by  a  slight  falling  off.  The  increase 
in  strength  in  most  cases  at  1.46  per  cent,  carbon  is  to  be  attributed,  at 
least  partially,  to  the  chromium  content  in  this  particular  steel. 

Yield  Paint, — In  all  cases,  except  the  hot-rolled  condition,  Fig.  3, 
the  imit  stress  of  the  yield  point  reached  a  maximum  at  eutectoid  composi- 
tion, falling  off  slightly  or  remaining  constant  with  increase  in  carbon. 

Brinett  Hardness, — The  curves  for  Brinell  hardness  are  similar  in 
shape  in  nearly  all  cases  to  the  curves  for  maximum  strength. 

Elongation  and  Contraction. — In  general,  the  curves  representing  these 
two  quaUties  show  decreasing  values  with  increasing  carbon.  The 
tendency  of  the  curves  is  to  be  concave  upward  — ^they  are  strwghter, 
however,  in  the  heat-treated  steels  than  in  the  hot-rolled  condition. 
In  Figs.  4  and  6,  that  is  with  steels,  in  the  annealed  and  the  plain  o3- 
quenched  conditions,  the  curves  show  a  gain  in  ductility  just  beyond  the 
eutectoid  composition  which  is  unaccountable. 

The  curves  in  Figs.  11, 12  and  13  show  the  relation  between  the  maxi- 
mum strength,  yield  point,  and  Brinell  hardness,  respectively,  and  the 
drawing  temperature  after  oil  quenching  for  the  various  steels  investi- 
gated. These  curves  show  nicely  the  relative  effects  of  increasing  carbon 
in  connection  with  hardening  and  quenching  treatments.  The  final 
points  on  all  the  curves  represent  the  annealed  condition  of  the  metal. 
The  curves  are,  therefore,  shown  dotted  between  these  last  points  and  a 
drawing  temperature  of  700**C. 


Table  II. — Specimens  Tested,  As  Received 


Carbon, 
Per  Cent. 


0.14 
0.18 
0.32 
0.46 
0.49 
0.57 
0.71 
0.83 
1.01 
1.22 
1.39 
1.46 


Yield  Point, 

Pounds  per 

Square  Inch 


Ultimate 

Strength, 

Pounds  per 

Square  Inoh 


45,000 
45,000 
49,500 
62,500 
54,000 
57,000 
66,000 
70,500 
86,000 
77,500 
74,500 
89,500 


59,500 

63,000 

75,500 

86,500 

95,000 

106,500 

128,000 

139,000 

152,000 

151,500? 

139,000 

150,500 


Elongation, 
Per  Cent 


Contraction 
of  Area, 
Percent. 


EUatio 

Ratio, 

Per  Cent. 


37.5 

67.0 

75,6 

36.0 

67.0 

73.0 

30.0 

61.9 

65.5 

22.5 

30.7 

60.7 

20.5 

37.2 

56.8 

19.0 

27.4 

53.5 

15.0 

20.5 

51.5 

12.5 

13.3 

50.7 

9.5 

13.3 

56.5 

3.0? 
2.0 

51.1 
53.6 

1.8 

1.5 

1.8 

59:4 

Brindl 

Hardo«8i 

Number 


112 
118 

144 
160 
183 
220 
240 
269 
302 
288 
321 
351 
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Table  III. — Specimens  Annealed 


Carbon, 
Percent. 

Yield  Point, 
Pounda  per 
Square  Inch 

Ultimate 

Strength, 

Pounda    per 

Square  Inch 

Elongation, 
Per  Cent. 

Contraction 

of  Area, 
Percent. 

Elastic 

Ratio, 

Per  Cent. 

Brinell 

Hardness 

Number 

0.14 

31,000 

54,500 

39.5 

67.0 

56.8 

107 

0.18 

39,500 

59,000 

36.5 

67.0 

66.8 

111 

0.32 

41,000 

70,000 

30.6 

51.9 

58.5 

131 

0.46 

48,000 

79,500 

28.5 

46.2 

60.3 

153 

0.49 

47,000 

86,000 

28.5 

46.2 

54.6 

163 

0.57 

50,000 

95,000 

25.0 

40.3 

62.6 

183 

0.71 

46,600 

111,500 

1.6.5 

24.0 

41.7 

217 

0.83 

50,500 

114,000 

15.0 

20.6 

44.3 

223 

1.01 

53,800 

99,400 

24.0 

36.2 

54.1 

192 

1.22 

49,000 

100,000 

24.6 

40.3 

49.0 

196 

1.39 

51,600 

98,000 

15.5 

20.5 

62.6 

202 

1.46 

62,000 

106,000 

18.5 

20.6 

49.0 

212 

Table  IV.- 

—Specimens  Water  Quenched 

Carbon, 
PerC  nt. 

Yield  Point, 
Pounds  per 
Square  Iikch 

Ultimate 

Strength, 

Pounds  per 

Square  Inch 

Elongation, 
Per  Cent. 

Contraotion 
(rf  Area, 
Percent. 

Brinell 
Hardness 
Number 

0.14 
0.18 
0.32 
0.46 
0.49 
0.67 
0.71 

"8 
1 

90,000 
105,000 
135,500 
220,000 
183,000 
216,000 

21.0 

16.5 

8.0 

1.0 

0.0 
0.0 

67.0 

57.2 

16.9 

0.0 

0.0 

0.0 

170 

228 
255 
600 
713 
578 

0.83 
1.01 
1.22 
1.39 
1.46 

93,000 
153,000 
166,000 
140,500 
181,500 

0.0 
0.0 
0.0 
1.0 
0.0 

0.0 
0.0 
1.8 
0.0 
0.0 

744 
578 
655 
460 
627 

Table  V. — Specimens  Oil  Quenched 


Carbon, 
Per  Cent. 

Yield   Point, 
Pounds  per 
Square  Inch 

Ultimate 

Strength, 

Pounds  per 

Square  Inch 

Elongation, 
Per  Cent. 

Contraction 

of  Area, 

Per  Cent. 

Elastic 

Ratio, 

Percent. 

Brinell 

Hardness 

Number 

0.14 

56,500 

71,600 

34.0 

75.5 

79.0 

134 

0.18 

54,500 

78,700 

31.0 

75.2 

69.2 

156 

0.32 

67,600 

101,000 

23.5 

62.3 

66.8 

207 

0.46 

87,500 

126,500 

20.5 

51.9 

69.1 

255 

0.49 

88,500 

131,000 

17.5 

51.9 

67.5 

277 

0.57 

105,000 

152,000 

16.5 

40.3 

69.0 

311 

0.71 

100,000 

184,500 

1.5 

0.0 

54.2 

364 

0.83 

138,500 

184,600 

4.0 

5.7 

75.0 

418 

1.01 

127,000 

192,600 

10.5 

34.0 

65.9 

387 

1.22 

122,600 

201,600 

9.0 

16.9 

60.8 

402 

1.39 

97,500 

188,600 

2.5 

6.7 

51.7 

430 

1.46 

122,600 

201,600 

3.5 

6.7 

60.7 

418 
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Table  VI. — Specimens  Oil  Quenched  and  Drawn  at  375^0. 


Carbon. 
Per  Cent. 

Yield  Point, 
Pounds  per 
Square  Inoh 

intimate 

Strength, 

Poundsper 

Square  Inch 

Elongation, 
Percent. 

Contraction 

of  Area, 

Percent. 

Elaatie 

Ratio. 

Percent. 

1 

BriBfll 

0.14 
0.18 
0.32 
0.46 
0.49 
0.67 
0  71 

49,000 
56,000 
68,000 
85,500 
91,000 
106,500 
121,400 

68,500 

76,000 
100,500 
125,000 
135,500 
163,000 
179,100  . 
198,500 
195,000 
203,000 
178,600 
196,000 

38.0 
29.6 
22.5 
20.0 
20.5 
16.0 

3.5 
11.5 
12.6 

8.0 

2.6 

3.5  . 

75.6 
73.5 
62.3 
51.9 
51.9 
43.3 

71.5 
73.6 
67.0 
68.4 
67.1 
68.8 
67.8 

131 
149 
223 
255 
277 
302 
375 

0  83 

34.0 

34.0 

13.3 

5.7 

364 

1.01 
1.22 
1.39 
1.46 

127,500 
131,000 
125,000 
133,000 

65.3 
64.5 
70.0 
68.8 

375 
402 
418 
387 

Table  YIL— Specimens  (Hi  Quenched  and  Drawn  at  460**C. 


Carbon, 
Per  Cent. 

Yield  Point. 
Pounde  per 
Square  Inch 

Ultimate 

Strength, 

Pounda  per 

Square  Inch 

Elongation, 
Per  Cent. 

Contraction 

of  Area, 
Percent. 

Elastic 

Ratio. 

Per  Cent. 

Briscn 
HardneM 

Number 

0.14 

53,000 

68,500 

36.0 

75.5 

77.3 

134 

0.18 

58,600 

75,500 

32.5 

71.4 

77.4 

149 

0.32 

67,000 

99,000 

23.0 

62.3 

67.6 

187 

0.46 

86,000 

123,600 

19.5 

51.9 

69.6 

228 

0.49 

85,500 

127,000 

18.5 

51.9 

67.3 

235 

0.67 

97,600 

145,500 

16.0 

46.2 

64.4 

293 

0.71 

115,500 

177,000 

10.0 

34.0 

65.2 

340 

0.83 

134,000 

194,500 

14.0 

37.2 

68.8 

387 

1.01 

111,000 

201,500 

12.5 

40.3 

56.0 

402 

1.22 

122,600 

199,000 

8.5 

13.3 

61.5 

418 

1  39 

123,500 
139,000 

134,000 
197,000 

3.5 

91.4 

402 

1  46 

2.5 

70.5 

430 

Table  VIII. — Specimens  Oil  Quenched  and  Drawn  at  560**C. 


Carbon, 
Per  Cent. 

Yield  Point, 

Pounds  per 

Square  Inoh 

Ultimate 

Strength, 

Pounds  per 

Square  Inoh 

EUongation, 
Per  Cent. 

Contraction 

of  Area, 

Percent. 

Elaatie 

Ratio. 

Per  Cent. 

BrineD 

Hardness 

Nunober 

0.14 

49,000 

66,000 

35.0 

75.5 

74.2 

126 

0.18 

56,500 

72,600 

33.6 

75.5 

77.9 

146 

0.32 

66,000 

92,500 

26.5 

64.7 

71.3 

183 

0.46 

81,500 

111,500 

24.0 

57.2 

73.0 

202 

0.49 

77,500 

116,000 

23.5 

57.2 

66.8 

228 

0.57 

93,600 

133,000 

20.6 

51.9 

70.3 

255 

0.71 

106,000 

148,500 

17.0 

43.3 

71.3 

311 

0  83 

161,000 
168,500 

19.0 

40.3 

321 

1.01 

104,500 

14.5 

30.7 

62.0 

321 

1.22 

106,000 

171,500 

11.5 

20.5 

61.8 

351 

1.39 

101,500 

161,000 

4.0 

5.7 

65.5 

332 

1  46 

111,000 

178,500 

4.0 

62.2 

375 
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Carbon, 
P«r  Cent. 

Yield  Point, 
Pounda  per 
Square  Inch 

Ultimate 

Strength, 

Pounds  per 

Square  Inch 

Elongation, 
Per  Cent. 

Contraction 

of  Area, 

Per  Cent. 

Elastie 

Ratio. 

Per  Cent. 

BrineU 
Hardness 
Number 

0.14 

46,500 

64,000 

38.5 

79.5 

72.6 

118 

0.18 

51,500 

69,000 

36.0 

76.5 

74.6 

134 

0.32 

61,500 

84,000 

30.0 

71.4 

73.2 

163 

0.46 

73,000 

98,000 

25.5 

59.8 

74.4 

192 

0.49 

76,500 

107,500 

26.0 

62.3 

71.1 

217 

0.57 

79,500 

113,500 

24.0 

62.3 

70.0 

228 

0.71 

91,000 

125,000 

19.5 

57.2 

72.7 

269 

0.83 

97,500 

129,000 

19.0 

46.2 

75.5 

277 

1.01 

86,000 

134,000 

20.0 

40.3 

64.1 

277 

1.22 

88,000 

139,500 

15.5 

34.0 

63.1 

269 

1.39 

85,500 

131,500 

11.0 

16.9 

65.0 

269 

1.46 

95,500 

159,500 

11.0 

13.3 

69.2 

321 

Appendix 

The  accompan3ring  microphotographs  (Figs.  18  to  29)  are  presented 
as  being  of  considerable  interest  in  connection  with  the  preceding  ex- 
periments. The  12  steels  investigated  are  shown  in  two  different  con- 
ditions: (1)  as  received,  hot-rolled  and  (2)  normalized  or  annealed 
from  1,000^0.  In  the  normalized  series  the  effect  of  carbon  on  the 
microstructure  is  most  readily  apparent.  The  micrographs  of  the 
hot-rolled  steels  appear  on  the  left-hand  side  of  the  illustrations;  those  of 
the  normaUzed  steels  on  the  right-hand  side. 

In  the  case  of  the  hot-rolled  steels,  the  structures  consist  of  sorbito- 
pearUte  and  ferrite  for  the  hypo-eutectoid  steels,  and  sorbito-pearlite 
and  cementite  for  the  hyper-eutectoid  steels.  In  the  case  of  the  normal- 
ized steels,  the  grain  structures  are  considerably  larger  and  the  con- 
stituents are  pearlite  and  ferrite  for  hypo-eutectoid  steels,  and  pearlite 
and  cementite  for  hyper-eutectoid  steels.  All  micrographs  are  mag- 
nified 51  diameters. 
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Fio.  18.~-Analtsi8:    C,  0.14;  Mn,  0.46;  Si,  O.lSl;  S,  0.035;  P,  0.018  F«r  Cent 


Afl  received.    Hot  rolled.    Brinell  hard-       Norm&liMd.    Annealed  from  1,000°C. 
nesa,  118.  Brinell  hardneas,  111. 

Fio.  19.— Analtsib:    C,  0.18;  Mn,  0.56;  Si,  0.132;  8,  0.043;  P,  0.024  Per  Gteit. 


Aa  received.    Hot  rolled.    Brinell  hard-        Normaliied.    Annealed  from  1,000°C. 
ness,  144.  Brinell  Iiardness,  1S4. 

Fia.  20.— Analybm:    C,  0.32;  Mn,  0.61;  8i,  0.128;  8,  0.027;  P,  0.009  Per  Ctent 
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As  received.    Hot  rolled.    Brinell  hnrd-       Normalised.    Annealed  from  1,000°C. 
neaa,  160.  Brinell  hardness,  165. 

Fio.  21.— Analtbis:    C,  0.46;  Mn,  0.40;  Si,  0.144,  B,  0.60;  P,  0.020  Per  Cent. 


As  received.    Hot  rolled.    Brinell  hard-       Nonnaliied.    Annealed  from  l,0O0*C. 
nesa,  183.  Brinell  hardness,  179. 

Pio.  22.— Analtsis:    C,  0.49;  Mo,  0.60;  Si,  0.127;  8,  0.028;  P,  0.013  Per  Cent. 


As  received.    Hot  rolled.    Brinell  hard-         Normft]i»ed.    Annealed  from  I,000'<3. 
nesa,  220.  Brinell  hardness,  206. 

Fia.  23.— Analtbib:    C,  0.67;  Mn,  0.65;  Si,  ai67;  S,  a028;  P,  0.012  Per  Cent. 
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Aa  received.     Hot  rolled.    Brinell  hard-       Normalued.     Annealed   from  1,000'C. 
nega,  288.  Brinell  hardness,  209. 

Fia.  27.— Analtbis:    C,  1.22;  Mn,  0.34;  Si,  0.181;  S,  0.031;  P,  0.025  Per  Cent. 


As  received.    Hot  rolled.     Brinell  hard- 
ness, 321. 
Fio.  28.— Analtbis:    C,  1.30;  Mn,  0.20;  Si,  0.191;  S,  0.020;  P,  0.015  Per  Gent. 


As  received.    Hot  rolled.    Brinell  hard- 
new,  351. 
Fio.20.— Ahaltsu:    C,  1.46;  Mn,0.20;  Si, 0.133;  8,0.035;  Cr,  0.35;  P.O.OII  Per  Cent. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  prewnted  in;;>eraon  at  the 
New  York  meeting,  February,  1910,  when  an  abstraot  of  the  paper  will  be  read.  If  this  is  impossible, 
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offered  tnereafter  should  preferably  be  in  the  form  of  a  new  paper. 


The  Detenxdnation  of  Grain  Size  in  Metals* 

BT  ZAT  JEFFRIES,  t  B.  S.,  MET.  B.,  A.  H.  KLINE,  B.  S.,  AND  E.  B.  SIMMER,  B.  S., 

CLEVELAND,  OHIO 

(New  York  Meeting,  February,  1916) 

It  is  well  known  that  many  properties  of  a  given  metal  vary  with 
the  size  of  grain  or  cell.  For  most  industrial  purposes,  where  high 
ultimate  strength  and  high  elastic  limit  are  desired,  the  manufacturer 
tries  to  produce  a  fine-grained  structure.  For  some  purposes,  for  ex- 
ample in  transformer  iron,  a  coarse-grained  structure  is  desirable. 

The  terms  fine-grained  and  coarse-grained  are  used  only  in  a  relative 
sense.  For  example,  a  fine-grained  cast  copper  might  have  grains  100 
times  larger  than  coarse-grained  high-speed  steel.  Similarly,  a  fine- 
grained steel  rail  might  have  grains  or  cells  100  times  larger  than  coarse- 
grained wire,  which  was  made  of  steel  from  the  same  heat. 

In  some  metals,  the  change  in  grain  size  is  more  appreciable  than  the 
changes  in  any  of  the  properties  determined  by  the  tensile  test.  Fur- 
thermore, in  metals  which  have  been  annealed  or  subjected  to  high 
temperatures,  grain  size  may  prove  to  be  a  better  indication  of  the  life 
of  the  metal  in  use  than  the  tensile  test.  One  of  the  authors  was  able  to 
supplant  the  tensile  test  with  grain-size  determinations  in  the  control 
of  metal  for  a  specific  use,  the  latter  determination  being  more  indicative 
of  the  life  of  the  metal  part  than  the  tensile  test.  A  grain-size  deter- 
mination with  a  tensile  test  is,  of  course,  more  valuable  than  either 
singly. 

At  present  there  is  a  decided  dearth  of  data  on  actual  grainnsize 
determinations  in  metals,  and  consequently  a  corresponding  lack  of  ability 
to  interpret  the  determinations  after  they  are  made.  It  would  be  de- 
sirable to  have  correlation  made  between  grain  size  and  properties  of 
metals,  comparing  thousands  of  determinations.  In  this  way,  grain-size 
determinations  might  be  interpreted  in  much  the  same  manner  that 
tensile  tests  are  now. 

*A  contribution  from  the  metallurgical  laboratory  of  Case  School  of  Applied 
Science,  Cleveland,  Ohio. 

t  Instructor  in  Metallurgy,  Case  School  of  Applied  Science. 
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Sevebal  Methods  of  Measuring  Grain  Size 

One  of  the  chief  reasons  why  more  grain-size  measurements  have 
not  been  made  is  the  excessive  work  involved  in  making  a  determination. 
The  planimeter  method  is  accurate — ^in  fact,  too  accurate  for  the  nature  of 
the  work  involved — ^but  it  is  slow  and  tedious.  It  involves  the  tradng 
of  the  outside  boundary  lines  of  a  group  of  grains,  counting  the  grains, 
measuring  the  area  with  a  planimeter,  and  a  calculation  which  is  different 
for  each  determination.  Furthermore,  the  method  requires  a  planime- 
ter, which  piece  of  apparatus  might  not  be  available  in  all  metallo- 
graphic  laboratories. 

We  have  developed  a  method  by  means  of  which  a  grain-size  deter- 
mination can  be  made  in  one-fifth  the  time  required  by  the  planimeter 
method.  The  method  is  as  accurate  as  the  sampling  of  the  specimen 
and  does  not  require  apparatus  which  is  not  available  in  metallographic 
laboratories. 

In  this  paper  it  is  proposed:  (1)  to  outline  the  more  important 
methods  now  used  for  the  determination  of  grain  size  in  metals,  (2)  to 
outline  a  new  method  developed  by  us,  and  (3)  to  compare  the  various 
methods. 

The  Planimeter  Method 

This  method  may  be  used  in  either  of  two  wa3rs.  The  image  of  the 
metal  specimen  may  be  projected  on  to  a  piece  of  paper  and  the  grain 


Fig.  1. — Planimetbb  Method. 

boundaries  traced,  as  shown  in  Fig.  1.  The  total  area  divided  by  the 
number  of  grains  inclosed  will  give  the  average  area  per  grain.  The 
second  way,  which  involves  less  time,  is  to  trace  on  the  paper  just  the 
outside  lines  bounding  the  area  of  a  group  of  whole  grains.  The  number 
of  included  grains  is  then  indicated  by  check  marks  on  the  paper,  a^ 
shown  in  Fig.  2.    Since  the  counting  of  the  grains  can  be  done  at  the 
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time  of  checking,  this  way  is  the  shorter.    The  following  example 
is  taken  from  an  actual  determination: 

The  area  found  by  measuring  with  a  planimeter  was  5.92  sq.  in. 

The  number  of  grains  inclosed  was  61.    Therefore,  the  average  area 

5.92 
per  grain  is  -wr-  =  0.09705  sq.  in.    The  observation  was  made  at  a 

magnification  of  100  diameters.    Then  iqq  y  i qq  =  0.000009705  sq.  in., 
which  is  the  actual  area  per  grain. 

0  000009705  '^  103,040  grains  per  square  inch. 


FiQ.  2. — Planimetbb  Method,  Modified. 

,Heyn'8  Method 

The  Heyn  method^  depends  for  its  accuracy  on  the  assimiption  that 
the  intercepts  of  a  strai^t  line  intersecting  a  number  of  grains  will 
be  proportional  to  the  square  roots  of  the  areas  of  the  grains.  In  other 
words,  the  square  of  the  average  intercept  will  be  the  average  area  per 
grain.  Heyn  applies  this  assumption  as  shown  in  Fig.  3.  The  number 
of  grains  is  counted  along  a  line  such  as  AB.  The  first  incomplete 
grain  is  counted  as  one  and  the  last  grain  is  not  counted.  By  taking  a 
number  of  lines  parallel  to  AB  and  counting  the  grains  intersected  by 
each,  the  average  intercept  in  one  direction  is  obtained.  The  average 
intercept  in  the  direction  CD,  at  right  angles  to  Afi,  is  obtained  in  a 
similar  way.  The  product  of  the  two  average  intercepts  is  the  average 
area  per  grain.    For  example,  suppose  the  number  of  intercepts  in  the 

direction  AB  ia  79  and  the  distance  20  in.    The  average  intercept  is 

20 

^5  =  0.2533  in.    Likewise,  suppose  the  number  of  intercepts  counted 

^  Reports  of  the  Technische  Hochschule  zu  Charlottenburg,  The  Metc^lographist, 
vol.  vi,  pp.  64  to  63  (1903). 
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in  the  direction  CD  is  72  and  the  distance  is  16  in.  The  average  inter- 
cept in  this  direction  is  ^  =>  0.222  in.  Then  the  average  area  per  grain 
is  0.222  X  0.2533  =  0.05623  sq.  in.  If  the  magnification  is  100  diun- 
eters,  then  .J.      .^  =  0.000005623  sq.  in.,  actual  area  per  grain,  ffl 

0"000005^  ^  177,800  grains  per  square  inch. 

It  is  not  necessary  to  trace  the  gram  boundaries  to  apply  Heyn* 
method.  A  piece  of  cross-section  paper  may  be  used  for  a  screen  and 
the  grains  intersectii^  each  line  counted  and  the  distance  measured. 


Fio,  3. — Hbtn  Method. 

The  Intercept  Method 
The  intercept  method  is  based  on  the  same  assumption  as  Heyo's 
method,  but  the  readings  are  not  conftned  to  series  of  parallel  lines- 
The  method  of  procedure  for  determining  the  grain  size  by  the  intercept 
method  is  as  follows :  In  Fig.  4,  the  line  AB  is  drawn  through  the  centfr 
of  the  field.  This  line  intersects  13  grains  in  a  length  of  2.58  in.  The 
average  intercept  per  grain  is  therefore  Yg-  =  0.198  in.  (0.198)'  =  0.0392 

sq.  in.,  the  averse  area  per  grain.    If  we  consider  the  magnification  as 

00392 
100  diameters,  then  r~  rry^  =  0.00000392  sq.  in.,  the  actual  area  per 

grain.     The  number  of  grains  per  square  inch  is  ooo00^92  ~   255,000. 
In  order  to  get  the  average  diameter  per  grain,  sufficient  lines  should 
be  taken  to  intersect  from  50  to  500  grains. 
"  -In  actual  practice,  this  method  is  shortened  considerably.*    An 

■H.  M.  Howe;  Life  History  of  Network  &nd  Ferrite  Grains  in  Carbon  Sud 
Procwdtnps  of  (A«  American  Society  ft/r  Testing  MateriaU,  vol.  xi,  pp.  380  to  J51 
(1911). 
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eye-piece  with  a  graduated  scale  may  be  used  in  place  of  the  regular 
eye-piece.  The  length  of  an  even  number  of  grains  can  be  measured 
direct  and  the  approximate  grain  size  obtained  in  a  short  time. 


Fia.  4  — Intercept  Method. 


AiUhors'  Method 

Our  method  has  for  its  object  the  quick  determination  of  the  equiva- 
lent number  of  whole  grains  included  within  a  circular  portion  of  an  image. 
It  is  evident  that  some  of  the  grains  will  be  completely  included  within 


Fia.  6. — Authors'  Method. 

and  some  will  be  intersected  by  the  circumference  of  the  circle.  The 
former  will  have  no  correction  factor.  The  boundary  grains,  however, 
will  be  partly  inside  and  partly  outside  the  circle.  In  Fig.  6,  the  grains 
marked  with  a  check  mark  are  completely  inclosed  and  those  marked  + 
are  the  boundary  grains.  The  average  portion  of  each  boundary  grain 
included  within  the  circle  may  be  found  as  follows :    The  grains  completely 
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included  within  the  circle  are  first  counted  and  checked.  Then,  the 
boundary  grains  are  checked  with  a  different  mark  and  counted.  (If 
the  counting  is  done  at  the  time  of  checking,  the  time  of  making  a  deter- 
mination will  be  shortened.)  In  Fig.  5;  there  are  37  included  grains  and 
22  boimdary  grains.  The  area  of  the  included  grains  by  planimeter  is 
1.9  sq.  in.    The  area  of  the  circle  (diameter  1.83  in.)  is  2.635  sq.  in. 

1.9:2.636  =  37  iZ 

X  =  51.3  the  equivalent  number  of  whole  grains  within  the  drde. 

51.3  —  37  —  14.3  the  equivalent  number  of  whole  grains  in  the  inside 

14.3 
portions  of  the  22  boundary  grains,    ^s"  ~  ^'^  average  portion  d 

each  boundary  grain  within  the  circle. 

If  this  factor  be  determined  on  a  large  number  of  samples,  it  may  be 
used  on  unknown  samples  to  find  the  equivalent  number  of  whole  graios 
within  a  circular  area.  If  we  call  this  factor  y,  the  total  number  af 
grains  within  a  circle  is, 

2  +  y^, 

where  z  is  the  nimiber  of  grains  completely  inclosed  and  w,  the  number 
of  boundary  grains. 

The  factor  y  has  been  determined  empirically  on  175  samples.  Tl^ 
results  are  given  in  Table  I.  The  first  column  represents  the  number  of 
grains  completely  included  within  the  circle. 

Table  I. 

Qrains  Completely  Inoluded  Avence  Value  of  y  Number  of  Determinatiw 

10-20  0.556  11 

20-30  0.582  15 

30-40  0.542  13 

40-50  0.574  10 

50-60  0.590  11 

60-70  0.600  12 

70-80  0.576  11 

80-90  0.577  10 

90-100  0.596  10 

100-120  0.551  11 

120-140  0.618  11 

140-160  0.546  10 

160-180  0.566  10 

180-200  0.558  11 

200-230  0.606  10 

230-290  0.622  9 

The  average  value  of  the  factor  y  for  175  determinations  is  0.581. 
The  same  factor  can  be  used  for  all  numbers  of  grains  included  within  the 
observed  area,  but  it  is  recommended  that  all  important  determinations 
have  at  least  50  grains  included  within  the  circle.  Since  0.581  is  nearer  to 
0.6  than  to  0.5  we  have  adopted  0.6  as  a  general  factor  for  all  determina- 
tions.   It  should  be  noted  that  an  error  of  1  per  cent,  in  the  determination 
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of  the  whole-grain  equivalent  of  the  boundary  grains  makes  an  error  of 
less  than  0.25  per  cent,  in  the  final  result,  since  more  than  75  per  cent, 
of  the  total  area  of  the  circle  is  occupied  by  the  included  grains. 
The  following  is  an  example  of  how  the  factor  is  used: 

Inclosed  grains     =  66.0 

Boundary  grains  =  28.0 

Factor  =    0.6 

66  +  0.6  X  28  »  82.8  grains  within  the  cbcle. 

From  the  magnification,  the  number  of  grains  per  unit  of  area  can  be 
readily  calculated. 

COMPABISON  OF  THB  YaBIOUS  METHODS  WITH  THE  PlANIMETER  MbTHOD 

In  making  the  calculations  for  the  comparison  of  methods,  the  actual 
number  of  grains  per  unit  of  area  was  not  figured,  the  number  of  grains 
per  square  inch  on  the  drawing  being  sufficient  for  comparison.  The  per- 
centage of  error  was  figured  in  the  following  manner.  Suppose  the  planim- 
eter  method  gave  50  grains  per  square  inch,  the  intercept  method  64.2, 

Heyn's  method  55.6.    The  percentage  of  error  in  the  intercept  method 

4.2  5.6 

is  -^  X  100  =  8.4  per  cent.;  and  in  Heyn's  method  -^  X  100  =  11.2 


50 


50 


per  cent.    Tables  II,  III,  and  lY  show  the  comparative  results  obtained 
by  using  the  different  methods. 

Table  II. — Heyn's  Method 


Measurements  in 
Direction  AB 

Measurements  in 
Direction  CD 

Area  of  Grain 

Number  of  Grains  per 
Square  Inch 

Total 
Length 

Total 
Grains 

Average 
Diam- 
eter 

Total 
Length 

Total 
Grains 

Average 
Diam- 
eter 

Heyn's 
Method 

Planim- 

eter 
Method 

He3m's 
Method 

Planim- 

eter 
Method 

Error, 

Per 

Cent. 

55.0 
55.0 
55.0 
57.5 
40.0 
47.5 
37.5 
40.0 
32.5 
32.5 
37.5 
32.5 
42.5 
27.5 
37.5 
30.0 
32.5 
25.0 
20.0 
24.0 
26.0 

177 

102 

210 

171 

104 

189 

147 

187 

116 

120 

101 

93 

98 

82 

104 

89 

95 

67 

51 

123 

151 

0.311 
0.288 
0.262 
0.338 
0.374 
0.251 
0.255 
0.214 
0.280 
0.271 
0.371 
0.349 
0.434 
0.386 
0.361 
0.337 
0.342 
0.374 
0.302 
0.195 
0.172 

57.0 
57.0 
55.0 
57.5 
40.0 
47.5 
35.0 
40.0 
32.5 
35.0 
40.0 
"30.0 
42.5 
30.0 
37.5 
30.0 
30.0 
27.5 
20.0 
22.0 
24.0 

210 

200 

189 

172 

102 

184 

144 

157 

125 

130 

102 

80 

108 

90. 

99 

100 

95 

75 

50 

118 

144 

0.272 
0.285 
0.291 
0.334 
0.392 
0.258 
0.242 
0.255 
0.260 
0.270 
0.392 
0.375 
0.394 
0.333 
0.380 
0.300 
0.316 
0.367 
0.400 
0.186 
0.167 

0.0845 
0.0820 
0.0761 
0.1130 
0.0151 
0.0650 
0.0630 
0.0512 
0.0730 
0.0700 
0.1455 
0.1310 
0.1710 
0.1120 
0.1360 
0.1010 
0.1080 
0.1370 
0.1570 
0.0365 
0.0287 

0.0885 
0.0815 
0.0818 
0.1320 
0.1540 
0.0743 
0.0660 
0.0586 
0.0730 
0.0960 
0.1895 
0.1720 
0.1795 
0.1200 
0.1510 
0.1290 
0.1360 
0.1730 
0.1950 
0.0374 
0.0310 

10.91 

12.20 

13.20 

8.89 

6.62 

15.40 

15.90 

19.20 

13.70 

14.30 

6.90 

7.62 

5.85 

8.91 

7.36 

9.90 

0.29 

7.31 

6.38 

27.50 

34.90 

10.67 

12.25 

12.23 

7.60 

6.50 

13.50 

15.20 

17.10 

13.70 

10.40 

5.30 

5.81 

5.60 

8.33 

6.62 

7.77 

7.86 

6.10 

5.12 

26.80 

31.40 

2.25 

0.41 

7.90 

17.00 

1.84 

14.10 

4.60 

12.25 

0.00 

37.50 

30.10 

0.69 

4.47 

6.96 

11.20 

27.50 

26.10 

19.90 

24.50 

2.61 

11.20 

AvArfUre  nttirtMntium  ni  arrnr 

13.05 

»-  --  .- - -- 
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Table  III. — Intercept  Method 


Total  Length  of 
line,  Inohea 


Total 

Number  of 

Qruna 

Cut 


Average 

Diameter 

oi  Grain 


Area  of 
Grain 


Area  ot 

Grain  by 

Planimeter 


Planimeter 
Method. 

Grains  per 

Square 

Inoh 


Intercept  j 
Method,       v-w 

oQuaxe 
Inch 


16.70 
20.75 
17.80 
19.63 
18.50 
20.20 
20.45 
17.60 
20.30 
31.40 
34.70 
30.50 
32.52 
32.06 
33.58 
33.88 
33.88 


87 

0.1920 

0.0369 

0.0425 

121 

0.2275 

0.0540 

0.0353 

98 

0.1820 

0.0330 

0.0380 

105 

0.1780 

0.0317 

0.0412 

107 

0.1725 

0.0297 

0.0352 

112 

0.1810 

0.0325 

0.0357 

115 

0.1780 

0.0317 

0.0387 

99 

0.1780 

0.0317 

0.0438 

119 

0.1703 

0.0291 

0.0334 

114 

0.2760 

0.0763 

0.0875 

135 

0.2570 

0.0660 

0.0815 

144 

0.2120 

0.0450 

0.0529 

120 

0.2720 

0.0740 

0.0773 

139 

0.2310 

0.0531 

0.0810 

135 

0.2490 

0.0620 

0.0641 

139 

0.2450 

0.0596 

0.0682 

138 

0.2460 

0.0605 

0.0885 

23.5 
28.4 
26.4 
24.3 
28.4 
28.0 
25.9 
22.9 
30.0 
11.4 
12.3 
19.0 
12.8 
12.4 
15.6 
14.6 
11.3 


1 
27.1 

19.5 

30.4 

31.5 

33.6    > 

30.8 

31.5 
31.5 
34.4 
13.1 
15.1 
22.2 
13.6 
18.8 
16.2 
16.2 
16.5 


15.30 

31.30 
15.20 
28.90 
18.20 
10.00 
21.51) 
37  o«' 
14  SO 
14.90 
23  2CI 
17.  K 

4ai 

5150 
Z.sl 

lo.tPi 
50. 2f' 


Average  percentage  of 

error. . . . 

...      21.90 

Table  IY,— Authors'  Method 

Included 
Grains 

Boundary 
Grains 

Factor 

Area  of 
Circle 

Authors* 

Method. 

Grains  per 

Square  Inch 

Planimeter 

Method* 

Grains  per 

Square  Inch 

1 

EtTor. 
Percent 

118 

49 

0.6 

7.068 

147.4 

146.30 

0.8 

95 

35 

0.6 

7.068 

116.0 

123. 8iD 

6.3 

34 

27 

0.6 

7.068 

50.2 

49.85 

0.7 

59 

30 

0.6 

7.068 

77.0 

76.22 

1.0 

74 

37 

0.6 

7.068 

96.2 

94.93 

1.3 

56 

35 

0.6 

7.068 

77.0 

73.69 

4.5 

110 

41 

0.6 

7.068 

134.6 

137.80 

2.3 

93 

40 

0.6 

7.068 

117.0 

116.97 

0.0 

75 

37 

0.6 

7.068 

97.2 

94.20 

3,2 

103 

43 

0.6 

7.068 

128.8 

134.00 

3.9 

Average  percentage  of  i 

error 

- 

2.4 

In  Heyn's  method  and  the  intercept  method,  the  results  are  per- 
sistently  high.  In  the  former,  all  of  the  errors  are  plus  except  one,  &d^ 
that  is  minus  only  0.41  per  cent.  In  the  intercept  method,  only^oiie 
minus  error  is  found. 

In  our  method,  the  average  of  plus  and  minus  errors  is  minus  0.1 
per  cent.,  which,  of  course,  is  less  than  the  accuracy  of  the  determinations. 


Diameter  of  Cirele, 
Millimetera 

Factor 

79.8 

i 

79.8 

i 

79.8 

2.0 

79.8 

4.5 

79.8 

8.0 

79.8 

12.5 

79.8 

60.0 

79.8 

112.5 

79.8 

200.0 

79.8 

450.0 

79.8 

800.0 
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Quick  Method  op  Grain-size  Measurement  by  Authors'  Method 

A  quick  way  to  make  a  grain-size  determination  by  our  method  has 
been  developed.  A  circle  79.8  mm.  in  diameter  is  used.  In  making  a 
grain-size  determination,  one  of  the  magnifications  given  in  Table  V  is 
used.  In  the  third  column  is  given  the  factor,  for  each  magnification, 
by  which  the  equivalent  number  of  whole  grains  within  the  circle  is  to  be 
multiplied  to  obtain  the  number  of  grains  per  square  millimeter. 

Table  V. 

Magnification  Used 

25 
50 

100 

150 

200 

250 

500 

750 
1,000 
1,500 
2,000 

The  following  example  shows  how  this  table  is  used:  Included  grains, 
61 ;  boundary  grains,  35 ;  magnification,  100.  Grains  per  square  millimeter 
=  (61  +  0.6  X  35)2  =  164. 

Similar  tables  can  be  made  for  square-inch  calculations,  or  for  circles 
of  different  diameters. 

Discussion 

Our  results  show  that  the  intercept  method  and  Heyn's  method  are 
not  accurate. 

The  largest  error  found  in  187  determinations  by  our  method  was 
6.4  per  cent.,  the  average  error  2.1  per  cent.,  and  the  average  algebraic 
deviation  from  the  planimeter  measurements,  plus  0.25  per  cent. 

An  average  of  30  representative  determinations  showed  that  78.5 
per  cent,  of  the  total  area  of  the  circle  was  occupied  by  the  included 
grains.  This  portion  is  determined  accurately  by  our  method.  The 
factor  is  used  in  determining  only  21.5  per  cent,  of  the  number  of  grains. 
An  error  of  5  per  cent,  in  estimating  the  boimdary-grain  portion  makes 
an  error  of  slightly  over  1  per  cent,  in  the  final  result. 

A  square  or  any  other  shape  might  be  used  instead  of  a  circle.  It  seems 
probable,  if  a  square  or  rectangle  were  used,  that  the  factor  would  be  0.5 
instead  of  0.6,  when  the  circle  is  usefd. 

Suggested  Rules  for  Sampling 

Some  metallographic  specimens  have  more  than  5,000,000  grains  ex- 
posed on  one  face.    It  becomes  necessary  to  obtain  a  representative 
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sample  of  this  face.    We  have  tentatively  adopted  these  general  rules 
which,  of  course,  can  be  changed  as  occasion  demands. 

1.  Use  such  a  magnification  that  about  50  grains  will  be  included  within 
the  circle.  (It  is  better  to  have  more  than  50  grains  included  within 
the  circle  than  less,  but  it  is  alwa3rs  reconunended  that  an  even  number  of 
magnifications  be  used,  even  though  the  niunber  of  included  grains  should 
exceed  100.) 

2.  Make  at  least  five  determinations  at  about  equal  intervals  along 
the  diameter  of  the  specimen.  The  average  of  all  of  the  determinations 
is  taken  as  the  final  result.  It  is  evident  that  if  there  is  much  difference 
in  grain  size  between  the  edge  and  center  of  the  specimen,  the  former 
should  have  the  greater  weight.  Such  a  case,  however,  may  come  under 
rule  4. 

3.  If  the  samples  are  small  enough  (for  example,  small  wire),  it  is 
advisable  to  determine  the  total  number  of  grains  on  transverse  sections, 
and  the  total  number  for  a  given  length  on  longitudinal  sections.  It  is 
sometimes  practical  to  do  this  with  larger  coarsegrained  specimens, 
either  macroscopically  or  at  low  magnifications. 

4.  When  one  part  of  a  specimen  differs  greatly  from  another  part  in 
grain  size,  do  not  average  the  separate  determinations,  but  record  each 
and  note  the  position  of  each  determination  by  means  of  a  free-hand 
sketch. 

5.  In  samples  which  have  been  cold  worked,  the  relative  degree  of 
cold  work  in  any  direction  is  expressed  by  the  ratio  of  the  length  divided 
by  the  width  of  the  grains.  For  obtaining  this  ratio,  it  is  recommended 
that  Heyn's  method  be  used. 

Appabatxts  and  Manipulation  for  Grain-Sizb  Measurbments 

Any  good  metallurgical  microscope  with  camera  attachment  can  be 
used  for  grain-size  determinations.  It  is  reconmiended  that  only  even 
magnifications  be  used.  For  instance,  if  an  observation  is  being  made 
at  a  magnification  of  469  diameters,  the  setting  should  be  changed  to 
500  diameters. 

Grain-size  measurements  can  be  made  on  a  screen  or  on  a  photograph. 
Either  a  ground  glass,  or  a  piece  of  paper  fastened  to  a  clear  glass, 
may  be  used  as  a  screen.  A  convenient  system,  where  records  of  the 
determinations  are  kept,  is  to  cut  several  pieces  of  thin  typewriter  paper 
so  that  they  fit  the  clear-glass  screen,  and  draw  a  circle  with  the  desired 
diameter  (we  use  79.8  mm.)  near  the  center  of  each  sheet.  Fasten  one 
of  these  pieces  of  paper  to  the  clear-glass  screen  by  means  of  gummed 
labels,  or,  otherwise,  and  project  on  to  it  the  image  of  the  specimen. 

The  circumference  of  the  circle  should  be  well  within  the  image. 
Count  and  check  separately  the  boundary  grains  and  the  included  grains. 
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make  calculation  for  grains  per  unit  area  and  save  the  sheet  of  paper 
with  check  marks  and  calculations.  This  will  serve  as  a  permanent 
record  of  the  determination. 

If  the  existence  of  a  grain  boundary  is  doubtful,  often  a  slight  change 
of  focus  will  remove  the  doubt.  It  is,  therefore,  essential  that  the  fine 
focusing  screw  be  provided  with  an  extension  so  the  focus  can  be  changed 
while  the  operator  examines  the  image  on  the  screen. 

Unless  the  room  is  rather  dark,  or  the  microscope  lamp  excessively 
strong,  the  operator  will  find  it  helpful  to  work  under  a  cloth  hood. 

The  specimen  should  be  etched  so  as  to  bring  out  distinctly  the  grain 
or  cell  boundaries. 
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Magnetic  Studies  of  Mechanical  Deformation  in  Certain  Ferromagnetic 

Metals  and  Alloys 

BT  H.  HANBMANN  AND  PAUL  D.  MBBICA,*  B.  A.,  PH.  D.,  WASHINQTON,  D.  C. 

(New  York  Meeting,  February,  1016) 

The  application  of  other  than  mechanical  methods  to  the  study  of  the 
mechanical-phy^cal  properties  of  metals  has  become  in  the  last  few  years 
a  topic  of  investigation  of  ever-increasing  interest,  both  from  the  theoret- 
ical standpoint  and  from  that  of  the  engineer  and  constructor.  Besides 
the  investigations  which  have  been  made  of  the  magnetic  properties  of 
ferromagnetic  metals,  in  their  relation  to  the  mechanical  properties  of 
these  metals,  which  will  be  discussed  more  in  detail  below,  there  have 
been  made  studies  of  other  phenomena  in  the  same  relation,  and  methods 
for  the  mechanical  testing  of  metals  have  even  been  suggested,  for  ex- 
ample, the  microscopic  method  of  Tammann,^  and  the  thermo-electric 
method  of  Turner*  for  determining  elastic  limits. 

The  application  of  all  such  methods,  which  are  based  upon  the  depend- 
ence of  some  physical,  crystallographic,  or  possibly  chemical  property, 
upon  the  mechanical  state  of  the  metal,  must  be  preceded  by  close  and 
careful  correlation  of  these  various  "test"  properties  with  the  known  me- 
chanical state  of  the  different  metals  or  materials.  It  is  mth  this  view  that 
the  present  work,  as  well  as  that  of  many  previous  investigators  of,  what 
may  be  termed  in  the  interests  of  brevity,  the  mechanical-magnetic 
properties  of  ferromagnetic  materials  df  construction,  has  been  done. 

Pbevious  Investigations  of  Mechanical  Magnbtio  Pbopbbtibs 

The  effect  of  mechanical  stresses  and  of  deformation,  elastic  or 
otherwise,  on  the  magnetic  qualities  of  iron,  steel,  and  other  metals, 
has  been  studied  by  a  number  of  investigators  from  the  time  of  Joule 
(1841)  to  the  present.  It  will,  however,  for  the  present  purpose  be 
suflBicient  to  give  an  account  only  of  the  principal  results  obtained  in  the 
course  of  these  investigations. 

It  was  early  noticed  (Villari,  1865)  that  if  an  iron  wire  is  placed  in  a 

*  Ajssistant  Physicist,  U.  S.  Bureau  of  Standards. 
^ZeUschnflfUr  EUkirochemie,  vol.  xviii,  p.  584  (1912). 

*  Proceedings  of  the  American  Society  of  Civil  Engineers,  vol.  xlviii,  p.  140  (1902). 
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magnetic  field  of  low  value,  the  values  of  the  magnetic  induction^  meas- 
ured while  the  wire  is  subjected  to  tension,  will  first  increase  with  ti^ 
tension,  reach  a  maximum  value  and  afterward  decrease.  This  phe- 
nomenon is  called  the  ''Villari  reversal,^'  after  the  discoverer,  and  was 
later  studied  and  verified  by  Sir  William  Thompson  (1877  to  1879). 

In  a  general  investigation,  covering  in  its  scope  the  study  of  the  mag- 
netic characteristics  of  iron  and  steel  and  the  effect  of  temp^erature  and 
of  mechanical  stress  upon  these  characteristics,  Ewing  made  the  first 
systematic  contribution  to  our  knowledge  of  the  mechanical-magnetic 
properties  of  iron.  Ewing  worked  with  iron  and  steel  wires;  he  studied 
the  effect  of  tensile  stresses  upon  the  form  of  the  B-H  curve  (the  curve 
giving  the  relation  between  the  magnetizing  force,  H,  and  the  total  in- 
duction, B) ;  he  noticed  that  iron  which  had  already  been  stretched  be- 
yond the  elastic  limit  (yield  point)  was  more  sensitive  magnetically  to 
stress  than  before,  and  showed  that  a  permanent  deformation  or  set  re- 
sulted in  a  permanent  decrease  in  the  magnetic  permeability.  He  also 
studied  rather  minutely  certain  magnetic-mechanical  hysteresis  effects, 
which  will  be  referred  to  later  in  the  present  paper. 

In  1902,  Fraichet  in  a  short  investigation  presented  a  new  aspect  of 
the  matter,  namely,  the  applicability  of  a  magnetic  method  to  the 
study  of  the  mechanical  properties  of  iron  and  steel.  Fraichet  placed 
his  specimens  in  a  testing  machine,  applied  a  constant  magnetijiiig 
force,  and  proceeded  to  carry  out  the  ordinary  tensUe  test  on  the  sped- 
men,  through  which  the  change  of  magnetic  flux  or  induction  was  con- 
tinually indicated,  but  not  measured,  by  a  galvanometer  in  circuit  with 
a  secondary  coil  siu'rounding  the  specimen.  He  obtained  in  this  way 
two  curves,  one,  the  ordinary  stress-strain  diagram,  and  the  other,  a 
curve  indicating  the  changes  taking  place  in  the  permeability  of  the 
material  of  the  specimen  as  a  function  of  the  tensile  stress  to  which  it 
was  subjected.  He  observed  that  the  yield  point  and  elastic  limit 
were  indicated  on  the  latter  curve  by  wide  fluctuations  of  the  galvanom- 
eter reading. 

Smith  and  Sherman  (1914)  have  made  measurements,  using  the 
Burrows  compensation  method,  of  the  permeability  of  certain  steel 
specimens  during  the  tensile  test,  with  a  view  to  determining  the  effect 
of  tensile  stress  on  the  form  of  the  B-H  curve.  Their  results  confirm 
those  of  the  older  investigations,  as  well  as  our  own,  in  showing  the 
Villari  effect. 

Goerens  (1912  and  1913),  in  a  comprehensive  study  of  the  effect  of 
cold  working  on  the  various  physical  properties  of  iron  and  steel,  has 
included  studies  on  the  magnetic  properties.  He  found  that  the  effect 
of  cold  working  was  to  diminish  the  permeability,  which  was  restored, 
however,  upon  annealing. 

Burrows  (1912  to  1914),  in  a  number  of  articles,  discusses  the  correb- 
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tion  of  mechanical  and  magnetic  properties,  and  suggests  using  the 
measurements  of  the  latter  to  determine  the  former. 

The  Authors'  Investigations 

The  work,  of  which  a  partial  account  will  be  given  here,  was  done 
in  1912  and  1913  at  the  Kdnigliche  Technische  Hochschule  in  Charlot- 
tenbui^-Berlin.'  It  was  considered  that  the  important  work  of  the 
previous  investigators  had  not  solved,  or  in  some  cases  even  considered, 
some  qutotions  which  are  of  vital  interest  from  a  practical  standpoint; 
for  example,  the  question  as  to  the  magnetic  definition  of  elastic  limit, 
or  in  other  words,  the  determination  of  the  magnetic  change  which  takes 
place  at  that  value  of  the  stress  called  the  true  elastic  limit. 

Another  question,  apparently  left  unsettled  by  previous  investiga- 
tion, was  the  effect  of  variations  of  the  mechanical  stress  below  the  true 
elastic  limit  upon  the  magnetic  properties  for  zero  load,  or  in  other  words, 
the  question  as  to  whether  the  magnetic  properties  of  iron  and  steel  are 
dependent  upon  their  previous  elastic  history.  The  value  of  such  a 
relation,  if  it  existed,  is  obvious,  for  it  would  then  be  possible,  in  the  in- 
vestigation of  "failed"  or  other  ferrous  material,  to  determine  by  the 
aid  of  magnetic  measurements  what  were  the  values  of  the  stresses  to 
which  the  specimen  had  been  previously  subjected. 

The  investigations  of  Ewing  mentioned  above  have  conclusively 
shown  that,  provided  an  iron  or  steel  specimen  is  not  brought  to  what 
may  be  called  its  normal  state  by  a  process  of  demagnetization  before 
each  magnetic  measurement,  the  values  of  any  magnetic  quantity  so 
measured  are  dependent  upon  the  previous  mechanical  history,  even  if 
the  stresses  applied  were  below  the  elastic  limit.  The  utilization  in  any 
practical  way  of  the  value  of  a  magnetic  quantity  measured  without 
previous  demagnetization  is,  however,  extremely  limited,  for  the  reason 
that  there  is  lag,  or  hysteresis,  in  the  relation  of  other  variables  than 
stress  to  permeability;  this  is  true,  for  example,  with  magnetizing  force. 
It  has  been  found,  however,  that  the  effects  of  this  hysteresis  or  lag  can, 
in  the  latter  case,  be  removed  by  demagnetization,  to  such  an  extent  that 
the  permeability  is  a  determinable  function  of  the  field  strength.  The 
question  then  that  remains  is  whether  a  stress  application  within  the 
elastic  limit  affects  the  magnetic  quantities  measured  after  removal  of 
the  stress  and  demagnetization. 

It  was  intended,  further,  to  give  particular  attention  to  the  discovery 
of  a  possible  relation  of  the  position  of  the  permeability  maxima  in  the 
permeability-stress  curves  to  the  values  of  the  mechanical  constants,  such 
as  yield  point  and  elastic  limit. 

*  A  full  account  of  the  investigation  was  published  in  January,  1914,  as  a  disser- 
tation of  the  University  of  Berlin. 
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So  far,  the  investigation  has  been  limited  to  the  study  of  the  magnetic 
properties  as  affected  by  mechanical  tension,  and  has  consisted  in 
simultaneous  measurements  of  magnetic  and  mechanical  quantities  of 
the  materials  during  the  tensile  test.  The  magnetic  measureoieDts 
were  carried  out  on  the  specimen  in  the  testing  machine. 

Description  of  Materials  and  Methods  Used 

To  avoid  complications  as  much  as  possible,  materials  were  chc^c 
for  the  investigation  which  were  homogeneous  in  structure  and  thor- 
oughly annealed  at  the  outset.  The  anneaUng  insured  that  the  ma- 
terial was  free  from  initial  stress  of  any  sort  which  would  tend  to 
obscure  the  results  obtained.  That  this  annealing  is  necessary  is  shown 
in  a  comparison  of  results  obtained  on  material  as  received  and  as 
afterward  annealed.  • 

The  principal  material  used  was  a  soft  iron  of  low  carbon;  a  wrought 
iron,  a  sample  of  nickel,  and  a  nickel  steel  were  also  used.  The  ansJyses 
of  these  metals  are  shown  in  Table  I. 

« 

Table  I. — Metals  Used  in  Tests 

Number        Mftterial  Analsrais,  Per  Cent. 

1  Soft  iron C,  0.08;  Si,  0.04;  P,  0.008; 

Mn,  0.23;  S,  0.026. 

2  Wrought  iron 

3  Nickel Fe,  1.70;  Co,  0.77. 

4  Nickel  steel C,  0.45;  Ni,  20.40. 

These  materials  were  furnished  in  the  form  of  rods,  which  were 
turned  down  to  the  test  shape  desired,  50  to  55  .cm.  in  length  and  from 
0.8  to  1.20  cm.  in  diameter,  and  then  annealed  in  an  atmosphere  of 
nitrogen,  or  in  vacuo,  at  a  temperature  of-950°C.  This  was  done  in  a 
long  electric  furnace  specially  constructed  for  this  work.  The  specimens 
were  allowed  to  cool  in  the  furnace,  unless  otherwise  noted. 

In  outline,  the  measurements  were  conducted  as  follows:  The  test 
bar,  inserted  through  a  specially  constructed  magnetizing  coil,  was  placed 
in  the  testing  machine.  An  extensometer  was  attached,  which  measured 
the  elongation  immediately  adjacent  to  the  part  of  the  test  bar  included 
within  the  magnetizing  coil.  Stresses  of  various  values  were  imposed, 
and  magnetic  and  extensometer  measurements  taken. 

The  Magnetic  Measurements. — Only  a  brief  description  of  the  ap- 
paratus used  in  the  measurements  of  the  magnetic  quantities  is  given  here^ 
For  further  details  reference  should  be  made  to  the  dissertation  previously 
mentioned.  The  total  inductions,  B,  were  measured  ballistically  in  the 
usual  manner;  the  values  of  the  field  strength,  by  the  aid  of  the  mag- 
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neUc-potential'ineter  {Spannungsmeaser)   deacribed  by  Rogowski  and 
Steinhaua.* 

Id  order  to  determine  extremely  small  changes  in  the  magnetic 
induction,  the  latter  wae  not  measured  directly,  but  in  each  case  the 
difference  between  the  permeability  of  the  specimen  under  stress  and 
that  of  a  similar  specimen  of  the  same  material,  outside  of  the  testing 
machine  and  under  uo  stress,  was  measured.  In  this  manner  it  was 
possible  to  measure  changes  in  the  induction  of  from  0.2  to  1.0  gauss. 


depending  upon  the  value  of  the  total  induction.  The  measurement  of 
the  absolute  value  of  the  permeability  itself  was  probably  subject  to  a 
maximum  error  of  about  2  to  3  per  cent.;  that  of  the  variations  of  the 
permeabiUty  with  appUed  tension,  to  a  less  error. 

Physical  Meaauretnenis. — The  physical  tests  were  made  iu  a  5,000- 
1^.  Losenhausen  universal  testing  machine.  The  elastic  elongations 
were  measured  with  the  well-known  Marten's  mirror  extensometer. 
The  elastic  limit  will  be  defined  here  as  that  least  value  of  the  stress  at 
which  there  remained  a  permanent  elongation  of  0.0002  per  cent.,  since 
variations,  in  the  test  length  of  15  cm.,  of  this  amount  could  be  measured, 
*  Mitt.  Ffayi.  Tech.  Reichsaiistalt  (1912). 
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and  successive  determinations  of  the  length  at  zero  load  agreed  to  within 
this  amount. 

Fig.  1  shows  the  whole  apparatus  as  set  up  in  the  testing  machine 
ready  for  a  series  of  measurements.  The  test  specimen  is  shown  in  the 
jaws  of  the  testing  machine,  with  the  spool/,  containing  the  magnetinDg 
and  secondary  coils,  suspended  independently,  and  with  the  xnirrcH' 
extensometer  d  attached.  The  compensating  bar  e  is  shown  in  the 
yoke  g. 

At  the  b^inning  of  a  series  of  measurements,  the  specimen  in  the 
machine  was  demagnetized  and  the  B-H  curve  directly  determined  for 
zero  load.  Thereupon  the  magnetizing  and  secondary  coils  of  the 
comparison  bar  e  were  thrown  into  circuit  in  such  a  way  that  the  ballistic 
throw  of  the  latter  was  in  the  opposite  direction  to  that  of  the  secondary 
of  the  test  bar  in  the  machine,  almost  wholly  neutralizing  it  when  the 
test  bar  was  not  stressed.  Both  bars  were  now  demagnetized  by  the 
same  current,  the  magnetizing  force  removed,  and  a  stress  applied  to 
the  test  bar.  Both  bars  were  again  demagnetized  and  the  difference 
between  the  values  of  the  total  induction  in  the  stressed  and  in  the 
unstressed  comparison  bar  directly  determined,  for  various  values  of  the 
field  strength,  in  the  usual  way.  This  process  was  always  adhered  tet- 
any change  in  the  stress  appKed  to  the  test  bar  was  made  only  after 
demagnetization  and  removal  of  the  magnetizing  force,  and  was  always 
followed  by  demagnetization  of  both  bars.  The  temperature  of  the 
bars  was  kept  constant  during  the  measurements  by  a  cooling  coO, 
with  running  water,  which  was  made  a  part  of  the  magnetizing  spool/. 

Results  and  Discussion 

Types  of  the  curve  series  obtained  are  shown  in  Figs.  2  and  3.  These 
show  the  total  induction  B  for  constant  field  strengths  as  a  function  of 
the  applied  tensile  stress  (abscissas)  for  the  soft  iron  (material  1)  as 
annealed,  and  as  annealed  and  elongated  5.7  per  cent,  in  the  testiog 
machine,  respectively.  The  curves  have  maxima,  which  occur  at  large 
values  of  the  stress  at  low  values  of  the  magnetizing  force  H,  and  lesser 
values  of  the  stress  with  increasing  values  of  H.  For  higher  values  of 
H,  these  maxima  disappear  entirely. 

The  positions  of  these  maxima,  that  is,  the  values  of  the  stress  at 
which  they  occiu*  in  each  case,  are  different  in  the  annealed  and  in  the 
stretched  or  elongated  material.  The  maxima  occur  in  the  elongated 
material  at  higher  values  of  the  stress  than  in  the  case  of  the  annealed 
material  before  it  has  undergone  any  plastic  deformation.  It  is  well 
known  that  certain  mechanical  constants  occur  also  at  higher  values  of 
the  stress  in  cold  worked  or  stretched  than  in  soft  or  annealed  material, 
i.e.,  the  elastic  limit,  the  yield  point,  and  the  ultimate  strength.    The 
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question  presents  itself  as  to  what  relation  there  is,  if  any,  between  the 
displacements  of  these  magnetic  maxima  in  the  induction  and  the 
displacements  of  these  latter  mechanical  constants,  as  iron  is  cold 
stretched  or  elongated. 

In  order  to  study  this  question,  several  series  of  measurements  were 
made,  of  which  the  results  are  shown  in  Fig.  4.    A  test  specimen  was 
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loaded  up  to  and  beyond  the  yield  point,  unloaded,  loaded  again  up  to 
and  beyond  the  new  yield  point,  unloaded,  reloaded,  etc.  Each  time 
the  specimen  was  loaded  beyond  the  yield  point  it  was  elongated  per- 
manently by  about  2  per  cent.  The  values  of  the  induction  B  for  four 
values  of  the  field  strength  and  the  physical  constants  (elastic  limit  and 
yield  point)  were  determined  throughout  the  series  of  measurements. 
The  total  elongation  of  5.8  per  cent,  was  made  in  three  steps,  viz.,  2.1, 
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3.7,  and  5.8  per  cent.  After  each  of  these  defonnationSi  the  inductioD 
curve  of  the  material  for  each  value  of  H  followed  a  different  curve, 
giving  with  the  original,  or  virgin  curve,  foiu*  in  all;  these  are  shown  in 
Fig.  4.  ^ 

The  elastic  limit  of  this  material  was  14.0  kg.  per  square  millimeter, 
and  the  yield  point,  20  kg.  per  square  millimeter  in  the  annealed  con- 
dition.   The  induction  curve  for  the  field  strength  3.4,  for  example, 
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followed  reversibly  the  curve  oai  up  to  the  elastic  limit,  and  beyond  the 
3deld  point  to  as,  at  which  point  the  specimen  had  been  elongated  by 
2.1  per  cent.  Upon  unloading,  the  curve  ajb\h  was  followed  as  well  as 
upon  reloading.  The  stress  was  then  increased  to  the  value  621  whereby 
the  specimen  was  further  elongated  by  1.6  per  cent.  Upon  unloading, 
the  new  curve  62O1C  was  followed.  The  load  was  again  applied  (curve 
CC1&SC2)  and  removed  after  a  further  elongation  of  2.1  per  cent.;  the 
induction  followed  the  curve  c^id,    Tb^  material  was  therefore  tested 
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in  four  "states,"  i.e.,  after  different  degrees  of  homogeneous  cold  work- 
ing, after  which  both  the  mechanical  and  the  magnetic  constants  were 
different. 

It  can  be  seen  from  the  curves  that  as  the  material  is  stretched,  and 
the  elastic  limit  and  the  yield  point  are  raised,  the  positions  of  the  in- 
duction maxima  are  also  raised,  for  all  values  of  the  field  strength.  In 
Fig.  5  is  shown  the  relation  between  the  elastic  limit  and  the  positions 
of  the  induction  maxima,  for  the  four  values  of  the  field  strength.  That 
these  are  closely  related  is  more  strikingly  shown  in  Fig.  6,  in  which  are 
plotted  as  abscissas  the  values  of  the  elongations  undergone  (a  measure 
of  the  cold  work  put  on  the  specimen),  and  as  ordinates,  the  quotient 
of  the  position  of  the  induction  maxima  (value  of  the  stress  at  which  the 
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maxima  occurs)  divided  by  the  value  of  the  elastic  limit.  Although  this 
quotient  is  not  a  constant,  it  is  nearly  so  after  the  material  has  received 
an  initial  elongation.  The  quotient  for  these  field  strengths  is  about 
0.45  for  the  annealed  material,  and  is  raised  to  0.6,  and  above,  by  the 
first  elongation  of  2.1  per  cent.,  remaining  thereafter  approximately 
constant. 

It  is  interesting  also  to  notice  that,  whereas  there  is  a  large  change  in 
the  permeability  under  zero  stress  after  elongation,  there  is  practically 
none  during  elongation  under  the  stresses  producing  it,  the  curve  of  in- 
ductions and  stresses  showing  no  discontinuity,  or  even  marked  change 
of  direction,  at  the  yield  point. 

Careful  measurements  were  made  to  determine  the  exact  minimum 
value  of  the  stress  at  which  a  permanent  change  in  the  induction  under 
zero  load  occurred,  after  removal  of  the  load,  and  to  relate  this  to  the 
elastic  limit  (the  minimum  value  of  the  stress  at  which  a  permanent 


2380 


MAGNBTIC  STUDIES  OF  MECHANICAL  DEFOHICATIOK 


change  in  the  length  occurs).  A  spechnen  was  subjected  to  cyclical 
loading,  between  the  limits  A  and  zero,  until  the  test  length  included 
by  the  extensometer  remained  constant  to  within  less  than  0.0002  per 
cent.  A,  the  upper  stress  limit,  was  increased  by  steps  of  2  kg.  per  square 
millimeter  until  a  permanent  set  was  obtained.  The  values  of  the  in- 
duction for  two  values  of  the  field  strength  were  also  measured  dif- 
ferentially each  time  after  removal  of  the  load.  The  results  of  these 
measurements  are  shown  in  Fig.  7,  in  which  are  plotted  as  abscissas  the 
stress,  and  as  ordinates  the  values  of  the  induction  B  for  the  field  strengths 
34.5  and  5.2.  The  elastic  limit  lay,  as  nearly  as  could  be  detenoined,  at 
14  kg.  per  square  millimeter,  and  the  yield  point  at  23  kg.  per  square 
nulUmeter.    It  can  be  seen  from  the  curves,  that  the  permanent  change 
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in  the  induction  begins  in  both  cases  (for  both  values  of  the  field  strength) 
at  values  of  the  stress  lower  than  the  yield  point,  and  that,  in  the  case  of 
the  induction  for  the  lower  magnetizing  force,  this  change  b^ins  at 
about  14  kg.  per  square  millimeter,  the  elastic  limit.  It  is  probable  that 
differential  measurements  of  the  magnetic  induction  in  this  way  would 
afford  a  more  sensitive  criterion  of  a  plastic  deformation  in  iron  or 
steel  than  measurements,  in  the  usual  way,  of  the  length  or  elongation. 
It  is  well  known  that  after  iron  has  been  stressed  beyond  the  yield 
point,  and  thereby  elongated,  it  does  not  regain,  for  some  time,  its  elas- 
ticity, the  elastic  limit  becoming  practically  zero.  The  iron  in  this 
temporary  state  will  show  hysteresis  in  its  stress-strain  curve;  the  load- 
ing curve  and  the  unloading  curve  do  not  coincide.  Measurements  were 
made  to  determine  whether  the  magnetic  induction  was,  under  these 
circumstances,  subject  to  the  same  hysteresis.  For  this  purpose  a 
specimen  was  loaded  and  unloaded  cyclically,  and  at  each  step  Uie 
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inductions  B  were  measured  for  several  values  of  the  field  strength.  It 
was  found  that  as  long  as  the  material  under  test  possesses  an  elastic 
limit,  and  the  upper  value  of  the  stress  applied  was  not  greater  than  this 
limit,  no  difference  or  hysteresis  in  any  part  of  the  induction  cycle  for  a 

mm  mm 

constant  field  strength  could  be  detected;  any  such  difference  was  not 
in  any^case  greater  than  from  5  to  7  gausses,  a  matter^of  0.07  per  cent., 
which  was  of  the  same  order  of  magnitude  as  the  error  of  measurement  in 
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this  case.  The  induction  cycle,  as  well  as  the  cycle  of  elongations,  was 
perfectly  reversible.  When,  however,  the  iron  was  stressed  over  the 
yield  point,  and  then  immediately  tested,  both  the  elongation  and 
the  induction  curves  showed  hysteresis.  The  results  of  one  such  test 
are  shown  in  Fig.  8,  in  which  the  abscissas  represent  the  stresses  and  the 
ordinates,  in  one  case,  the  elongations,  and  in  the  other,  the  magnetic 
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inductions  B  for  loading  (the  "up"  curve)  and  unloading  (the  "down" 
curve).  These  curves  show  that  the  maximum  lag  in  the  elongation  is 
about  0.005  per  cent.,  and  in  the  induction,  about  1.0  per  cent.  This 
bar  was  tested  again,  in  the  same  way,  24  hr.  after  being  overstrained; 
the  hysteresis  of  both  kinds  had  completely  disappeared. 

The  results  presented  and  discussed  in  the  last  two  paragraphs  show 
that,  at  least  for  the  material  tested,  the  magnetic  induction  (and  per- 
meability) is  not  dependent  upon  the  previous  elastic  history  of  the 
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FiQ.  10.  Fig.  11. 

Fig.  10. — Material  1 — Iron,  Qubnchbd  from  960"C.     Abscissas — Stbjssss 
IN  Kilograms  per  Square  Millimeter.    Ordinates — Inductions  in  Gausses. 

Fig.  11. — Material  2 — Wrought  Iron.    Abscissas — Stresses  in  Kilograib 
PER  Square  Millimeter.    Ordinates — Inductions  in  Gausses. 

material,  as  long  as  (1)  the  variations  or  alternations  of  stress  have  been 
within  the  elastic  limit,  and  (2)  the  number  of  such  alternations  has  been 
low.  The  present  study  did  not  include  the  study  of  the  effect  of  thousands 
or  millions  of  stress  cycles  upon  the  magnetic  constants,  as  was  originally 
intended.  The  magnetic  method  is,  therefore,  apparently  not  suited, 
as  it  was  hoped  that  it  would  be,  for  the  determination  of  the  mechanical 
history  of  a  steel  or  iron  specimen,  so  long  as  the  stresses  in  such  specimens 
have  been  at  all  times  within  the  elastic  limit.    If  the  elastic  limit  has 
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been  exceeded,  and  in  particular  if  the  yield  point  has  been  exceeded,  the 
possibility  is  given  of  subsequently  determining  this  fact  by  the  aid  of 
raagnetic  measurements,  such  as  have  been  here  described. 

It  was  suspected  that,  since  iron  after  having  been  stressed  beyond 
tlie  yield  point  is  in  a  metastable  state,  indication  of  this  fact  would  be 
given  by  measurements  of  the  magnetic  permeability.  Specimens  were 
therefore  so  stressed,  the  stress  removed,  and  the  permeability,  or  in- 
duction, measured  for  certain  values  of  the  field  strength,  after  various 
intervalB  of  time.  One  bar  showed,  for  certain  medium  values  of  the 
field  strength,  a  decrease  of  induction  of  from  40  to  70  gausses  after  21 


6,000 


5,000 


4,000 


8,000 


2,000 


1,000 
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hr.;  and  the  same  total  change  after  24  days.  The  magnetic  change 
in  an  overstrained  iron  specimen  takes  place,  therefore,  in  that  interval 
of  time  in  which  the  iron  becomes  again  elastic,  i.e.,  in  the  period  of 
elastic  recovery. 

In  Figs.  9  and  10  are  shown  curves  illustrating  the  effect  of  stress  upon 
the  inductions  B  in  the  material  1,  as  delivered  (hot  rolled),  and  as  an- 
nealed and  quenched  in  water,  respectively.  It  can  be  seen  that,  in  the 
case  of  the  material  as  delivered,  there  is  great  irregularity  in  the  induc- 
tion curves.  Often  the  maxima  occur  at  higher  values  of  the  stress  for 
high  than  for  low  values  of  H.  In  both  cases,  the  material  is  in  a  state 
of  internal  stress  due  to  the  manufacture  and  heat  treatment,  and  it  is 
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to  the  presence  of  these  stresses  that  the  irregularities  in  form  of  the  curves 
are  to  be  ascribed.  Strangely  enough,  the  maxima  in  the  induction  cuTFe^ 
in  the  latter  case  are  displaced  toward  higher  stresses  than  in  the  case  of 
the  same  material  annealed,  ^though  the  elastic  limit  is  much  lower. 
The  elastic  limit  of  the  material  1,  as  delivered,  was  about  28  kg.  p& 
square  miUimeter.  Owing  to  the  presence  of  these  internal  initial 
stresses,  it  is  impossible  to  trace  any  such  relations  between  the  magnetic 
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FiQ.  13. — Material  4 — Nickel  Steel.    Abscissas — Stresses  in  Kilograms  fee 
Square  Millimeter.    Ordinatbb — Inductions  in  Gausses. 

and  the  mechanical  quantities  as  were  noticed  in  the  case  of  the  annealed 
material. 

In  Figs.  11,  12,  and  13,  are  shown  similar  curves  for  materials,  2,  3, 
and  4,  respectively,  as  annealed.  The  induction  maxima,  in  the  case  of 
the  wrought  iron,  occur  at  lower  stress  values  than  in  the  case  of  material 
1,  and  the  elastic  limit  Ues  also  lower,  at  about  11  kg.  per  square  milli- 
meter. This  again  bears  out  the  contention  that  there  is  a  more  or  less 
simple  relation  between  these  quantities. 
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The  two  latter  cases,  in  which  no  maxima  occur,  are  interesting.  The 
elastic  limit  and  yield  point  fell  together,  at  23  kg.  per  square  millimeter, 
for  the  nickel  steel;  the  elastic  limit  for  the  nickel  specimen,  at  24.8, 
kg.  per  square  millimeter,  and  the  yield  point  at  30  kg.  per  square 
millimeter. 

The  position  of  the  yield  point  and  elastic  Umit  is  shown  nicely  in 
the  induction  curves  of  the  nickel  steel  by  the  bend  in  the  curve.  The 
induction  curve,  for  stresses  within  the  elastic  limit  for  this  material, 
annealed,  and  either  before  or  after  elongation,  is  Unear,  with  a  slight 
slope  upward.  When  the  elastic  limit  is  reached,  there  is  a  marked 
increase  in  the  induction,  which  remains  after  removal  of  the  stress. 

«  RbsumI: 

1.  Simultaneous  magnetic  and  mechanical  measurements  were  made 
in  the  tensile-testing  machine  on  a  soft  iron  and  other  materials.  These 
were  made  with  a  view  to  determining  whether  relations  existed  between 
the  physical  and  the  magnetic  constants  of  such  materials. 

2.  It  was  found  that  the  permeability  of  iron  is  independent  of  the 
previous  elastic  history  of  the  material  if  (1)  the  alternations  or  cycles  of 
stress  have  been  within  the  elastic  limit,  and  (2)  the  number  of  alterna- 
tions has  been  small. 

3.  It  was  found  that  there  is  a  close  and  nearly  linear  relation  between 
the  elastic  limit  of  soft  iron  and  the  values  of  the  stress  at  which  the 
permeability  maxima  occur,  as  the  material  is  elongated. 

4.  The  magnetic  indications  and  accompanying  features  of  mechanical 
overstrain  were  studied. 

5.  The  conclusion  is  reached  that  the  magnetic  method  is  appUcable 
to  the  study  of  the  previous  mechanical  history  of  such  annealed  iron  as 
was  investigated,  since  indications  are  thus  given  of  the  values  of  the 
maximum  stress  to  which  it  has  been  subjected,  provided  that  this  stress 
has  been  above  the  elastic  Umit.  The  permeability  of  this  material  is 
not  affected  by  stress  appUcations  under  the  elastic  limit. 

6.  The  effect  of  initial  stresses  upon  the  form  of  the  induction- 
stress  curves  was  noticed  in  the  case  of  material  as  received,  before 
annealing,  and  as  heat  treated  by  quenching  in  water. 
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[subject  to  rbvision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  praferftbly  be  preMntod  in  Derton  at  the 
M«w  York  meeting,  February,  1916,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
tlien  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
30th  Streetj  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Apr.  1, 1910. .  Any  discussion 
offered  thereafter  should  preferably  be  in  the  form  of  a  new  paper. 


Washed  Metal 

BT  HBNRT  D.   HIBBARD,*  B.   8.,   PLAIKFIELD,    N.   J. 
(New  York  Meeting,  February,  1916) 

The  process  of  making  washed  metal  now  followed  is  in  principle  that 
described  by  Holley  before  this  Institute  in  1879,  as  the  Krupp  washing 
process.  Sir  Lowthian  Bell  also  experimented  extensively  in  England 
during  1877  and  1878  on  refining  iron  and  joined  his  interest  with  Krupp, 
the  process  being  often  referred  to  as  the  Bell-Erupp  process.  The  only 
plant  in  this  country  now  operating  this  process  is  that  of  the  Brier  Hill. 
Steel  Co.,  Youngstown,  Ohio.  This  process  may  be  considered  as  the 
sole  survivor  of  the  numerous  methods  conceived  for  refining  crude  iron, 
when  the  removal  of  phosphorus  from  steel-making  material  was  the 
great  desideratum  affecting  large  districts.  The  east  coast  of  England 
and  all  northern  Germany,  the  homes  of  Bell  and  Erupp,  respectively, 
could  at  that  time  make  steel  only  from  imported  ores.  These  processes 
were  in  use  or  in  various  stages  of  development  40  years  ago  and  all  ex- 
cept the  Bell-Erupp  received  their  quietus  from  the  development  of 
the  basic  steel  processes,  both  pneumatic  and  open  hearth.  The  aim  of 
the  early  refining  processes  was,  first,  the  removal  of  the  silicon,  which 
could  be  done  on  a  sand  bottom,  and  later,  the  removal  of  the  phosphorus, 
requiring  a  bottom  which  would  give  or  permit  a  basic  slag.  The  inci- 
dental advantages  of  increased  yield  and  small  fuel  consumption  were  not 
generally  recognized  or  considered;  the  aim  of  the  later  operations  was 
the  saving  of  the  difference  in  value  between  low  and  high  phosphorus 
irons,  as  well  as  hastening  the  removal  of  the  metalloids. 

The  chemistry  of  the  washing  process  follows  in  part  that  of  the 
puddling  process,  and  indeed  washing  might  be  considered  as  the  first 
half  of  puddling,  since  all  the  non-ferrous  elements  of  the  crude  iron, 
except  the  carbon,  are  eliminated  and  the  iron  is  maintained  molten  until 
cast.  In  puddling,  the  iron  loses  its  carbon  as  well,  and  because  of  that, 
its  fusion  point  rises  above  the  hearth  temperature;  it  freezes  into  a  pasty 
malleable  form,  and  is  worked  at  once  by  squeezer,  hammer,  or  rolls. 

Since  Holley's  paper,  important  improvements  have  been  made 
from  time  to  time  in  both  plants  and  methods  for  washing  iron,  and  the 
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degree  of  purification  attained  is  far  greater  than  Knipp  accomplished, 
particularly  as  to  phosphorus,  though  Bell's  results  approxiinated  tk^ 
of  the  present  practice.    The  costs  have  been  diminished  as  well. 

The  use  of  washed  metal  is  limited.  It  is  in  request  now  onlj  s? 
an  exceedingly  pure  iron  and  is  used,  first,  in  acid  steel  processes,  sale!; 
for  the  reason  of  its  purity,  as  in  open-hearth  and  Bessemer  steels  of  higi) 
grade;  and,  second,  because  of  its  high  carbon  contents  (3.25  to  3.50  per 
cent.)  as  well  as  purity,  as  a  carburizer  in  crucible  steel. 

Washing  Plant  of  Brier  HiU  Steel  Co. 

The  washing  plant  of  the  Brier  Hill  Steel  Co.  (Fig.  1)  is  placed  near 
one  of  its  blast  furnaces,  which  supplies  it  with  molten  crude  iron.  V 
consists  briefly  of  a  reservoir,  a  Pernot  furnace,  a  reheating  furnace,  audi 
casting  machine. 

The  Reservoir. — The  reservoir  is  about  100  ft.  or  more  from  the  bhs 
furnace,  a  runner  in  the  floor  of  the  cast  house  conducting  the  stream  d 
molten  crude  iron  to  it  from  the  furnace.  It  has  a  brick  lining  18  in. 
thick,  is  of  50  tons  capacity,  and  is  mounted  on  top  of  the  ram  of  s 
vertical  hydraulic  cylinder,  which  straddles  a  100-ton  weighing  scate. 
It  is  provided  with  mechanism  for  tilting  to  pour  the  metal.  Fifty  twss 
of  iron  make  four  washed-metal  charges,  which  take  about  1  hr.  each  t<> 
work,  and,  since  the  blast  furnace  is  tapped  every  4  hr.,  the  reservoir 
provides  a  continuous  supply  of  iron  to  the  washing  plant.  The  reservoL' 
receives  iron  when  at  its  lowest  position,  is  raised  by  the  hydraulic  plunger 
about  15  ft.,  and  discharges  to  a  short  open  runner  which  conducts  the 
molten  crude  iron  to  the  Pernot  furnace.  Iron  has  been  held  molteD  m 
the  reservoir  48  hr.  with  the  help  of  a  small  oil  jet,  and  then  washed 
without  diflSculty. 

The  Washing  Furnace, — The  Pernot  f mnace  in  which  the  washing  s 
done  (Fig.  2)  differs  in  many  details  from  the  Pernot  furnaces  which 
have  been  described.  In  fact,  nothing  of  the  original  furnace  remaiis 
and  hardly  any  of  the  details  of  the  original  design,  though  the  generi 
plan  is  the  same.  The  changes  made  have  resulted  in  greater  durabilicy 
and  efficiency,  but  even  now,  the  cost  of  repairs  is  an  important  item  m 
spite  of  the  relatively  low  temperature  of  the  operation. 

The  pan,  as  the  circular  hearth  is  termed,  was  originally  designed  to 
revolve  on  wheels,  but  now  runs  on  conical  rollers,  which  are  kept  spaced 
by  a  spider.  The  rollers  travel  on  a  circular  track  below  the  pan, 
turning  in  the  same  direction  as  the  hearth,  but  at  half  the  speed.  On  the 
bottom  of  the  pan  is  a  circular  track  on  which  it  travels  over  the  rollcre. 
The  pan  is  driven  by  a  bevel  pinion  engaging  a  gear  on  the  bottom  of  the 
pan.  The  pan  lining  is  so  thin  (8  in.)  that  water  is  continuonslv 
sprayed  ijpon  the  bottom,  from  underneath,  to  keep  it  cool. 
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is  a  tap  hole  and  near  the  top  a  slag  notch.  A  hole  through  the  furnace 
roof  connects  with  an  ore  chute  through  which  the  ore  is  shot  for  fettling 
the  hearth  after  each  charge  has  been  drawn  off. 

One  circular  gas  producer  supplies  gas  for  the  use  of  the  furnace. 
The  ability  of  a  single  producer  to  run  this  plant,  depends  on  the  fact 
that  the  coal  used  contains  only  about  1.5  per  cent,  ash,  with  44  to  46  per 
cent,  of  volatile  matter,  and  will  not  coke  under  any  circumstances. 
This  makes  it  possible  to  carry  a  fire  8  ft.  or  more  deep,  and  drive  at  a 
high  rate  with  a  steam  injector  for  the  air,  without  having  above  2  per 
cent.  COa  in  the  gas.  This  coal  in  earlier  days  was  used  raw  in  the  blast 
furnaces  of  the  neighborhood  without  other  fuel  for  making  pig  iron  and 
is  in  this  respect  like  the  Scotch  coals. 

A  section  of  the  floor,  10  by  10  ft.,  on  the  charging  side  of  the  furnace, 
is  arranged  to  be  lowered,  which  is  done  after  each  heat  is  run  out,  provid- 
ing a  place  for  the  men  to  stand  to  repair  the  tap  hole  and  cinder  notch, 
the  pan  being  revolved  so  that  these  openings  are  on  the  high  side. 

Operation, — ^After  a  heat  has  been  run  out,  the  furnace  is  drained;  any 
holes  in  the  hearth  are  puddled  out  and  filled  with  iron  ore,  and  the 
fettling,  consisting  of  dampened  ore,  is  run  down  in  successive  batches 
through  the  roof,  the  hearth  being  revolved  a  little  at  each  dose,  so  that 
the  bank  of  fettling  is  continuous  around  the  hearth.  The  gate  of  the 
ore  chute  above  is  controlled  by  the  melter  from  the  working  platform  by 
means  of  overhead  levers.  While  the  banks  are  thus  being  built  up,  the 
bottom  is  covered  with  ore  thrown  by  the  shovelful  through  the  operating 
door.  .  The  ore  used  for  bottom  making  and  fettling  is  a  high-grade 
specular  hematite,  broken  into  pieces  from  the  size  of  a  hen's  egg  down, 
^with  enough  fine  ore  to  make  a  compact  mass  without  voids. 

Between  20  and  30  min.  are  consumed  in  repairing  the  bottom  and 
fettling.  The  tap  hole  and  cinder  notch  are  cleaned  out  and  plugged 
with  sand. 

The  firing  is  then  resumed  to  heat  and  set  the  fix,  the  reservoir  is 
raised,  and  12  tons  of  iron  is  run  into  the  pan,  which  is  then  started 
revolving.  A  reaction  immediately  takes  place  between  the  oxygen  of 
the  ore  and  the  silicon,  phosphorus,  and  manganese  of  the  iron,  the  bulk  of 
these  elements  being  eliminated  in  a  few  minutes,  by  passing  into  the  slag 
which  is  formed.  The  small  percentage  of  carbon  which  goes  off  during 
the  operation  (3  to  5  per  cent.)  makes  enough  CO  gas  to  give  a  vigorous 
boiling  action,  throwing  jets  of  slag  3  to  5  in.  above  the  bath  at  first  when 
the  temperature  of  the  bath  is  greatest. 

About  15  min.  after  the  crude  iron  has  been  charged  the  slag  is  made  to 
run  off  through  the  slag  notch.  This  slag  contains  most  of  the  oxidized 
silicon,  phosphorus,  and  manganese  from  the  crude  iron,  and  perhaps  a 
quarter  of  the  sulphur.  A  second  slag  is  then  formed  by  additions  of 
lime,  which,  with  the  ore  melted  from  the  fettling,  takes  up  more  of  the 


2392  WASHED  METAL 

» 

phosphorus  and  sulphur  of  the  iron.    These  slags  are  rich  in  iron  and  aic 
therefore  smelted  afterward  in  the  blast  furnaces  for  making  basic  pig. 

Tests  are  taken  from  time  to  time,  averaging  about  five  to  a  heat,  to 
determine  the  degree  of  dephosphorization.  The  test  is  a  circular  cake 
about  5  in.  in  diameter  and  1.25  in.  thick  in  the  center,  being  thinner  at  the 
edges.  « This  cake  is  broken  into  pieces.  The  test  contains  a  myriad  of 
small  bubbles  and  has  a  faint  crystalline  or  columnar  structure  normal 
to  the  bottom  surface.  The  lower  the  phosphorus,  the  larger  the  bubble?, 
and  the  fainter  the  crystalline  structure  mentioned.  With  very  low 
phosphorus,  bubbles  as  large  as  y{^  in.  in  diameter  may  be  found  within 
yi  in.  of  the  lower  surface,  with  smaller  ones  still  lower  and  larger  ones 
up  to  3^  in.  in  diameter  near  the  upper  surface. 

The  whole  washing  operation  takes  about  an  hour,  the  most  of  this 
time  being  consumed  in  securing  the  extremely  low  phosphorus  conteDt 
required.  When  ready  for  casting,  the  tap  hole  is  turned  to  the  proper 
position  on  the  pit  side  of  the  furnace  and  is  then  dug  open  by  means  of  a 
hand  bar. 

The  metal  runs  from  the  furnace  fairly  well,  but  looks  cool,  almost  of 
an  orange  temperature,  perhaps  not  over  1,250®  C.  It  gives  off  copious 
brown  fumes,  as  well  as  scintillating  sparks  and  CO  gas,  which  bunus 
the  whole  making  a  brilliant  effect  and,  when  viewed  from  a  distance, 
gives  one  the  impression  that  the  metal  is  hotter  than  it  really  is. 

Casting. — For  casting  the  metal  two  means  are  provided :  The  one 
generally  used  when  the  product  is  for  domestic  consumption  is  abroad 
shallow  cast-iron  pan  on  a  car,  which  runs  on  a  track  leading  from  tJie 
Pernot  furnace  down  the  center  of  the  cast  house.  The  charge  is  run 
out  into  this  pan,  where  it  forms  a  single  plate  from  4  to  6  in.  thick,  and 
the  car  is  then  drawn  away  from  the  furnace  to  cool.  Water  from  a  hose 
is  played  upon  this  plate  for  a  few  minutes,  while  hot,  to  loosen  any  slag 
which  may  come  out  after  the  metal  and  is  not  trapped  off  while  castini^. 
When  the  cake  of  ^letal  is  cool  enough  to  be  moved  without  breaking, 
but  is  still  red  hot,  it  is  lifted  from  the  car  with  a  crane  and  put  in  a  pit. 
Water  is  then  turned  on  and  it  is  flooded  until  cold  enough  to  handle, 
when  it  is  broken  up  into  one-man  size  chunks,  either  with  a  sledge 
or  by  a  traveling  breaker.  This  is  not  diflicult,  because  the  water  cooling 
has  filled  it  with  cracks,  which  go  clear  through  the  plate.  These  cracks  | 
seem  to  have  no  system,  except  that  they  are  always  at  right  angles  to  the 
upper  and  lower  surfaces  of  the  plates,  leaving  the  pieces  very  irregular  in 
outline. 

The  other  casting  method,  usually  employed  for  export  orders,  is  to 
run  the  washed  metal  without  the  slag,  into  a  12-ton  tilting,  oil-fired 
regenerative  furnace,  located  at  a  lower  level,  where  it  is  held  about  15 
min.,  heated,  and  poured  directly  into  the  molds  of  an  endless-chain 
casting  machine,  which  moves  at  the  rate  of  about  15  ft.  per  minute. 
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The  joints  between  the  tilting  hearth  and  the  stationary  ends  of  the  re- 
heating furnace  are  packed  with  asbestos,  which  closes  them  tightly  and 
will  endure  the  moderate  temperature,  say  1,350®  C,  fairly  well. 

The  metal  is  a  little  hotter  than  when  it  left  the  Pernot  furnace,  but  is 
still  of  an  orange  heat.  In  the  molds  the  metal  is  puffed  up  by  gases  being 
evolved,  but  settles  more  solidly  soon  after  being  cast,  leaving  a  fin  stand- 
ing up  all  around  each  pig.  For  casting  into  this  form,  an  extra  charge 
is  made. 

Yield. — The  yield  of  washed  metal  is  about  the  same  as  the  weight  of 
the  original  crude  iron  charged. 

Chemistry  of  the  Washing  Process 

The  crude  iron  contains:  Silicon,  1  to  1.25  per  cent.;  sulphur, 
0.02  [to  0.03  per  cent.,  and  phosphorus,  0.090  to  0.10  per  cent.  All 
of  the  silicon  and  manganese,  90  to  95  per  cent,  of  the  phosphorus, 
and  30  per  cent,  of  the  sulphur  are  eliminated.  The  silicon  and  man- 
ganese with  75  to  80  per  cent,  of  the  phosphorus  leave  the  iron  in  10  min. 
and  30  per  cent,  of  the  sulphur  in  15  min.  The  silicon,  manganese,  and 
phosphorus  are  removed  by  oxidation,  while  the  sulphur  seems  to  be 
eliminated  by  liquation,  the  sulphide  of  iron  getting  into  the  slag  me- 
chanically without  oxidation.  At  certain  high  temperatures,  the  affinity 
of  sulphur  for  oxygen  seems  to  be  weaker  than  its  affinity  for  iron.  The 
slag  takes  sulphide  of  iron  from  the  metal  until  equilibrimn  is  established 
between  the  proportions  of  sulplude  in  the  two,  when  no  more  will  pass. 
When  a  second  slag  is  formed,  some  of  the  sulphide  will  enter  that,  making 
the  elimination  from  the  metal  more  complete.  Should  the  slag  have  too 
much  sulphide,  as  has  happened  when  some  blast-furnace  slag  got  in  with 
the  crude  iron,  some  of  the  sulphide  will  pass  from  the  slag  into  the  metal, 
and  in  that  way  establish  the  equilibrium. 

Individual  heats  of  washed  metal  have  been  made  having  as  little  as 
O.002  and  even  0.001  per  cent,  of  phosphorus,  and  it  has  been  furnished 
on  specification  of  0.006  phosphorus  and  under. 

When  iron  heavily  charged  with  carbon,  like  washed  metal,  lies  molten 
in  contact  with  molten  oxide  of  iron,  there  will  be,  if  the  heat  is  high 
enough,  a  continuous  oxidation  of  carbon  to  CO  until  the  temperature 
falls  to  a  certain  degree,  when  the  action  will  cease.  That  reaction  is 
endothermic  and  the  consumption  of  heat  automatically  brings  the 
temperature  down  to  that  point.  This  temperature  has  not  been 
determined,  but  there  is  ground  for  suspecting  it  to  be  near  1,300®  C. 

Analyses  of  Metals  and  Slags 

Typical  analyses  of  crude  irons  with  washed  metals  and  slags  there- 
from are  given  below. 
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Pic  Iron,     Washed  MetaL 
Percent.       PerCeat. 


Silicon 1 .25  none 

PhoflphoruB 0.095  0.010 

Sulphur 0.020  0.015 

Manganese none 

Combined  carbon 3 .40 

Final  Slags 

Per  Cent. 

SiO, 16.50 

MnO 6.50 

CaO 8 .  50 

Prf)s r 1 .05 

S 0.075 

FeO 50 .25 

FeiOi 16 .  90 


99.775 


The  Removal  op  Metalloids  in  the  Pig-Washing  Process 

BT  EDWABD  L.  FORD,  TOUNOSTOWN,  OHIO. 

In  the  accompanying  diagram  (Fig.  3)  showing  the  removal  per  cent. 
of  metalloids  in  washing^  the  rate  of  elimination  of  each  seems  to  be 
constant  for  about  the  first  10  min.,  and  (with  the  possible  exception  of 
sulphur)  the  angle  which  the  line  of  each  makes  with  the  base  line  prob- 
ably represents  the  relative  net  heat  results  of  each  complete  reaction. 
I  use  the  word  ''complete"  because  the 'net  result  is  the  sum  of  a  number 
of  things:  In  the  case  of  silicon,  for  example,  the  heat  +  or  —  from  Si  to 
SiOa;  from  FeO  to  Fe;  from  FejOs  to  FeO;  the  formation  of  silicate  by  the 
silica;  the  liquefying  of  this  silicate,  etc. 

Why  these  rates  should  not  remain  constant  up  to  complete  elimina- 
tion is  due  to  a  number  of  things — changes  in  temperature,  changes  in 
character  of  atmosphere,  changes  in  composition  of  slag  and  resultant 
metal,  and  very  possibly  other  causes.  We  have  worked  out  some  of 
these;  and,  although  they  may  not  be  the  only  factors,  they  seem  to 
explain  fairly  well  what  happens. 

Silicon, — ^The  rate  of  silicon  removal  is  constant  to  about  95  per  cent., 
when  it  begins  to  become  less  rapid.  This,  I  think,  is  due  entirely  to  tbe 
want  of  perfect  mobility  of  the  slag  and  metal,  and  therefore  to  the  fact 
that  the  silicon  is  not  present  in  equal  amount  in  all  parts  of  the  metal  at 
this  stage  of  the  process.  In  fact,  it  must  take  an  appreciable  amount  of 
time  for  the  metal  in  the  center  of  the  mass  to  reach  iron  oxides  on  its 
surface. 

Manganese. — Manganese  seems  to  behave  in  the  same  way,  although 
the  rate  of  removal  is  a  little  less  rapid.  Its  retardation  at  the  end  is  due 
to  the  same  causes. 
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Phosphorus. — ^The  phosphorus  removal-rate  is  constant  to  about  70  to 
76  per  cent.,  when  retardation  sets  in,  and  progressively  increases,  the 
line  tending  to  parallel  rather  than  intersect  the  100  per  cent.  line.  The 
long  time  required  to  remove  phosphorus,  as  compared  with  silicon  and 
manganese,  would  make  the  lack  of  mobility  at  this  stage  a  factor  of 
practically  no  consequence;  but,  after  the  elimination  of  silicon,  carbonic 
oxide  begins  to  be  formed;  and  (as  Pourcel  showed  very  clearly,  in  the 
early  days  of  the  basic  Bessemer  process,  in  the  discussion  on  the  necessity 
for  the  overblow  to  remove  the  phosphorus)  phosphorus  cannot  be 
removed  from  iron  when  CO  is  being  formed  intermolecularly  in  quantity; 
and  no  doubt  the  proportion  of  phosphorus  removed  is  inversely  related 
to  the  amount  of  CO  formed,  during  a  given  period.     True,  the  forma- 
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Fio.  3. — Removal  of  Metalloids  in  tbb  Washing  Pbocess. 

tion  of  CO,  by  lowering  the  temperature  of  the  bath,  tends  to  stop  itself; 
but  it  completely  ceases  only  when  the  metal  is  so  cool  that  it  begins  to 
set;  and  this,  of  course,  impairs  the  fluidity  necessary  to  bring  new  surfaces 
of  metal  in  contact  with  the  slag,  in  order  to  oxidize  the  small  amount  of 
phosphorus  left.  We,  therefore,  finally  reach  a  point  of  equilibrium  when 
the  CO  formed  just  reduces  the  amount  of  phosphorus  oxidized.  If  we 
increase  the  heat  of  the  furnace,  to  increase  the  fluidity  of  the  metal,  we 
increase  again  the  amoimt  of  CO  that  can  form,  and  so  are  no  better 
off. 

Sulphur. — Oiu:  theory  of  the  elimination  of  sulphur  I  have  never  seen 
formulated  and  would  hesitate  to  report  it  here,  if  I  were  not  trying  to 
give  the  rationale  of  the  washing  process,  as  we  have  known  it.  Even  at 
quite  a  low  temperature,  sulphur  appears  to  form  sulphides,  preferably 
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to  oxygen  compounds;  and  as  the  temperature  increases,  this  tendency 
seems  more  marked.  In  neither  the  blast  furnace,  the  converter^  the 
open  hearth,  or  the  puddling  furnace)  nor  in  our  washing  process,  is  the 
sulphur  removed,  except  as  a  sulphide.  In  roasting  sulphurous  iron  ores, 
however,  it  does  go  off  as  SOj;  but  this  process,  as  is  well  known,  is  per- 
formed at  as  low  a  temperature  as  possible.  Our  view  is  that  for  any 
given  temperature,  atmosphere,  slag;  and  metal  composition,  the  amount 
of  sulphide  in  the  slag  bears  a  constant  ratio  to  the  amoimt  in  the  metal. 
That  there  is  an  equilibrium,  so  to  speak,  which  cannot  be  altered  without 
a  change  in  one,  at  least,  of  the  controlling  factors  above  mentioned.  In 
our  own  process,  as  carried  out  by  us,  the  ratio  seems  to  be  one  in  the 
metal  to  five  in  the  slag,  or,  to  put  it  another  way,  a  slag  with  0.10  per 
cent,  sulphur  will  give  a  metal  with  0.02,  and  to  get  0.01  per  cent,  sulphur 
in  the  metal,  the  slag  must  not  have  more  than  0.05  per  cent.  As 
corroborating  this  proposition,  the  two  following  incidents  may  be 
interesting: 

On  one  occasion,  pig  iron  with  0.025  per  cent,  sulphur  was  run  into  the 
washing  furnace  at  a  time  when  an  accident  at  the  blast  furnace  had  let 
some  blast-furnace  cinder  get  into  the  receiver  together  with  the  pig 
metal.  Some  of  this  cinder  ran  with  the  metal  into  the  washing  furnace. 
The  resulting  washed  metal  carried  0.04  per  cent,  sulphur.  With  our 
ordinary  practice  this  would  have  been  about  0.017  per  cent. 

Some  washed  metal  with  0.015  per  cent,  sulphur  was  melted  in  a 
cupola  with  coke.  The  resultant  metal  ran  0.10  per  cent,  sulphur. 
Some  white  iron  with  0.10  per  cent,  sulphur  was  melted  in  the  same 
cupola.  Result:  sulphur,  0.11  per  cent.  We  had  on  our  yard  a  heat  of 
washed  metal,  containing  0.09  per  cent,  sulphur.  This  was  melted  in  the 
same  cupola.  Result:  sulphur,  0.12  per  cent.  These  results  seemed  to 
point  to  from  0.10  to  0.12  per  cent,  as  the  equilibrium  point  in  the  resutl- 
ant  metal  from  these  operations,  no  matter  what  sulphur  the  metal 
contained  to  start  with. 

With  the  above  statement  of  our  sulphur  theory,  the  following  is  our 
explanation  of  the  sulphur  line  in  the  diagram: 

This  sulphur  Une  probably  has  only  this  relation  to  those  of  the  other 
metalloids,  that  it  tends  to  become  tangent  always  directly  below  the 
point  of  complete  silicon  elimination,  because  at  this  time  ends  the 
formation  of  new  sulphur-free  slag,  capable  of  taking  up  more  sulphur 
from  the  metal.  The  percentage  removal,  therefore,  varies  with  the 
sulphur  contents  of  the  iron,  in  contradistinction  to  the  other  metalloids, 
the  percentage  removal  of  which  is  constant. 

Low-sulphur  washed  metal  is  the  only  marketable  product;  hence  we 
aim  to  keep  the  sulphur  in  our  pig  iron  as  low  as  we  can,  with  low-silicon 
iron.  Our  "fix"  ores  contain  a  little  sulphur;  the  gas  from  our  producer 
carries  a  little;  and  our  limestone  a  little;  so  that  the  resulting  slag,  if  none 
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came  from  the  pig  iron,  would  run  about  0.03  to  0.04  per  cent,  as  a 
minimum.  Our  practice  shows  us  that,  in  a  metal  containing  0.007  per 
cent,  sulphur,  this  would  give  us  no  removal. 

If  we  could  obtain  raw  slag  materials  absolutely  free  from  sulphur,  our 
washed  metal  would  be  0.007  per  cent,  lower  in  sulphur  with  our  regular 
pig  iron  than  it  is  now.  If  we  were  satisfied  with  0.05  per  cent,  sulphur 
in  our  washed  metal,  we  could  use  a  pig  so  high  in  sulphur  that  the 
amount  taken  out  would  probably  approximate  60  per  cent.,  rather  than 
30,  as  now;  for  when  we  formed  our  second  slag,  it  would  be  capable  of 
taking  up  a  considerable  portion  of  this  remaining  sulphur,  before 
reaching  the  equilibrium  point. 

If  the  other  conditions  incident  to  the  process  permitted  it,  we  could, 
by  making  new  slags,  reduce  any  amount  of  sulphur  in  the  pig  to  about 
O.Ol  per  cent.,  but  we  could  never  get  much  lower  than  that,  no  matter 
how  low  the  pig  was,  as  long  as  our  slag-making  materials  were  as  high  in 
sulphur  as  they  are  now. 

Our  experience  teaches  us,  however,  that  the  blast  furnace  is  the  best 
and  cheapest  desulphurizer. 


TRANSACTION  OF  THE  AMEBICAN  INSTITUTE  OF  MININO  ENOINEEBS 

[subject  to  bevision] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  ftt  the 
Kew  York  meeting,  February,  1016,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writins  ma^  be  sent  to  the  Editor,  American  Institute  of  Minins  Engineers,  29  West 
39fch  Street,  New  YorkrN.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Apr.  1, 1016.  Any  discussion 
offered  tnereafter  should  jireferably  be  in  the  form  of  a  new  paper. 


Manganese-Steel  Castings  in  the  Mining  Industry 

BT  WALTER  S.  MCKEB,*  CHICAGO,  ILL. 
(New  York  Meeting,  February,  1016) 

When  mixed  with  common  cast  steel  in  quantities  ranging  from  11 
to  133^  per  cent,  and  properly  treated,  manganese  increases  the  ductility 
of  the  metal  and  adds  greatly  to  its  toughness  and  resistance  to  abrasive 
action,  which  properties  comprise  the  distinctive  characteristics  that 
make  manganese  steel  so  valuable  for  many  purposes  at  the  present 
time. 

Manganese  steel  has  been  manufactured  for  about  26  years.  It 
was  first  made  in  a  small  way  in  England  and  subsequently  produced 
in  the  United  States  in  1892.  At  present  the  manganese-steel  foundries 
of  this  country  have  an  annual  capacity  of  about  60,000  tons  and  most 
of  the  growth  has  occurred  within  the  past  10  years.  In  the  early  days 
of  the  industry  it  was  impracticable  to  make  manganese  castings  weigh- 
ing over  a  few  thousand  pounds,  but  at  present  crusher  heads,  rolling- 
mill  puiions,  and  similar  castings  weighing  up  to  30,000  fb.  each  are 
produced,  and  it  does  not  appear  that  the  limit  of  weight  has  been 
reached  by  a  considerable  margin. 

Manganese  steel  is  similar  in  analysis  to  ordinary  first-class  con- 
verter metal  except  that  it  is  high  in  carbon  and  contains  from  11  to  13^ 
per  cent,  of  manganese.  From  one  standpoint  manganese  steel  is  similar 
to  malleable  iron  in  that  the  casting  as  it  comes  out  of  the  sand  is  hard 
and  brittle  and  must  be  made  ductUe  by  a  heat-treating  process.  The 
heat  treatment  is  an  essential  part  of  the  process  of  making  manganese- 
steel  castings  and  must  be  properly  carried  out  to  secure  satisfactory 
results.  The  necessity  for  heat  treatment  Umits  the  thickness  of  sec- 
tions which  may  be  made  of  manganese  steel.  Originally  the  annealing 
depth  was  comparatively  small,  but  researches  carried  on  during  the 
past  few  years  have  resulted  in  an  increase  in  the  thickness  of  section 
up  to  53^  in.,  which  it  is  possible  to  treat  successfully.  Large  castings 
are  cored  out  to  a  minimum  thickness  of  5)4  in.,  thus  not  only  eliminat- 
ing some  of  the  internal  stresses  which  are  invariably  set  up  in  a  very 
thick  casting,  but  also  reducing  the  weight  and  inertia  of  the  piece,  an 

*  Vice  President,  American  Manganese  Steel  Co. 


2400         MANGANESE-STEEL   CASTINGS  IN  THE   MINING   INDUSTRY 

important  consideration  if  the  casting  is  to  be  a  moving  part  in  a  machine. 
At  the  same  time,  the  thickness  of  5}^  in.  is  sufficient  to  permit  the  use 
of  manganese  steel  for  the  heaviest  classes  of  machinery. 

Before  taking  up  the  application  of  manganese-steel  castings  to 
machinery  used  in  the  mining  industry,  a  few  details  covering  the 
chemical  and  physical  characteristics  as  well  as  the  micro-structure 
of  this  material  will  be  presented.  Chemically,  cast  manganese  stirel 
has  about  the  following  composition: 

Per  Cent. 

Carbon 1 .25 

SiHcon 0. 30 

Manganese 12 .  50 

Sulphur,  less  than 0.02 

Phosphorus,  about 0.08 

The  following  results  are  an  average  of  19  physical  tests  of  manganese 
steel:  Elastic  limit,  53,396  lb.  per  square  inch;  tensile  strength,  108,460 
lb.  per  square  inch;  elongation  in  2  in.,  33.71  per  cent.;  reduction  of  area, 
38.56  per  cent. 

The  distinctive  characteristics  of  manganese  steel  are  clearly  in- 
dicated by  the  microscope.  As  is  well  known,  manganese  is  present  in 
all  ordinary  steel,  but  the  metal  does  not  become  austenitic  until  about  6 
per  cent,  manganese  and  0.80  per  cent,  carbon  are  introduced.  Com- 
mercial austenitic  manganese  steel  generally  contains  from  11  t-o  13.5 
per  cent,  manganese  and  from  1.00  to  1.30  per  cent,  carbon. 

In  the  c^t  state,  manganese  steel  is  composed  principally  of  aus- 
tenite  and  free  cementite,  austenite  being  a  solution  of  iron,  manganese, 
and  the  carbide  of  iron  and  manganese,  while  free  cementite  is  composed 
of  the  carbides  of  iron  and  manganese  which  remain  undissolved.  Free 
cementite  is  hard  and  brittle,  therefore  manganese  steel  is  also  brittle 
in  the  cast  condition.  We  thus  have  a  metallographic  explanation  of 
the  chief  characteristics  of  manganese  steel.  Microscopic  examination 
reveals  the  fact  that  if  the  steel  is  heated  to  a  proper  temperature  and 
quenched  in  water,  the  free  cementite  is  dissolved  and  the  whole  be- 
comes austenite. 

The  accompanying  micro-photographs.  Figs.  1  to  5,  show  the  struc- 
tures of  manganese  steel  as  cast  and  after  treatment.  Fig.  1  shows  the 
structure  of  manganese  steel  in  the  cast  condition.  Fig.  2  shows  the 
structure  of  the  same  steel  heated  to  a  temperature  of  1,750^F.  and 
quenched  in  water.  The  heat  treatment  was  not  correct,  and  although 
much  of  the  free  cementite  has  disappeared,,  some  of  it  still  remains  in 
chunks  as  shown  by  the  dark  spots.  Fig.  3  shows  the  structure  of  the 
same  steel  heated  to  a  temperature  of  1,800^F.  and  quenched  in  water. 
In  this  case  the  heat  treatment  is  correct  and  all  of  the  free  cementite 
has  disappeared,  leaving  a  purely  austenitic  structure. 
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The  effect  of  subsequent  heating  and  cooling  in  air  is  showii  in  Figs. 
1:  and  5.  Fig.  4  shows  the  structure  of  a  mai^anese  steel  which  had 
received   a  proper  heat  treatment  and  was  afterward  heated  to  a 


Fio.  1.-— Structurb  of  Manoanesb  Fia.  2, — The    Same    Stkel    iNroB- 

Steel  in  Cast  Condition.  X  80  rectlt  Heat  Treated,  Some  Ceiient- 
DiAMETERS.  ite  Visible. 

temperature  of  700*F.  and  allowed  to  cool  in  air.  The  structure  is 
exactly  similar  to  that  shown  in  Fig.  3;  the  steel,  therefore,  has  not 
been  injured.     Fig.  5  shows  the  structure  of  the  same  steel  heated  to 


PiQ.    3.— The    Same    Steel    Prop-  Fio,  4. — MANaAHHSB    Steel    Cor- 

BRLT  Heat  Treated.  Rbsultino  in  a      rectlt    IIbat    Treated    and    Subbe- 

PoHB  Apbtenitic    Structdre.     X  80     auENTLT   Heated  TO  A  Teupkratvrb 

Diameters.  or  TOCF.  and  Cooled  in  Air  Without 

Chanoino  the  Adstenitic  Structure. 

X  80  DiAKETERS. 

a  temperature  of  TSO'F.  and  allowed  to  cool  in  air.  A  heavy  separation 
of  cementite,  shown  by  the  needle-Uke  particles,  is  clearly  visible.  This 
proves  that  heating  the  steel  to  over  TOO^F.  destroys  the  purely  aufltenitic 
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structure,  seriously  injuriiig  the  quality  of  the  metal.  Xt  is  thenfcn* 
imperative  that  manganese  steel  should  not  be  heated  to  a  temperstuTE 
exceeding  TOOT,  after  being  heat  treated.  The  experiments  on  iriiicb 
the  foregoing  micro-photographs  are  based  were  carried  out  with  th; 
aid  of  an  electric  furnace  equipped  with  a  pyrometer. 

By  the  Brinell  test,  manganese  steel  toughened  or  untoughened  show- 
the  moderate  average  hardness  number  of  about  200.  The  extreme  outer 
surface  of  the  treated  steel  shows  a  slightly  lower  number  than  at  a  depth 
of  about  3^  in.,  from  which  point  the  number  remains  constant  to  the 
core  of  the  casting.  The  lowering  of  the  hardness  number  at  the  surface 
is  due  to  the  oxidization  of  the  carbon  during  the  heat  treatment. 

The  qualities  of  manganese  steel  have  led  to  its  adoption  extensiTdT 
for  the  vital  parts  of  heavy-duty  machinery,  particularly  parts  subjected 


FiQ.  5. — The  Sahb  Stebl  Heatbd  to  750°F.  and  Ai.lowiid  to  Cool  in  An 
Rebouhno  tK  THE  Precipitation  or  Cbubntftb  Injcbino  tbb  Qoautt  or  rat 

MbTAL.      X  80  DiAMBTBBS. 

to  unusual  wear,  shock,  etc.  Mauganese-eteel  castings  are  used  toda^ 
in  the  construction  of  wearing  parts  for  the  following  kinds  of  machinen'^ 
Rock  and  ore  crushers,  coal  breakers,  ball  mills,  tube  mills,  pulverizers, 
comminutors,  clay  mills,  traveling  cranes,  gold  dredges,  harbor  dredgei^. 
steam  shovels,  ditching  machines,  pig-casting  machines,  pug  mills,  coke 
machines,  steel-rolling  machinery,  stamp  mills,  cable  haul^e  system?, 
screening  apparatus,  centrifugal  sand  pumps,  grab  buckets,  concrete 
mixers,  etc.  Manganese  steel  is  also  extensively  used  in  the  manufacture 
of  steam  and  electric  railway  track  work,  elevator  buckets,  gears,  pinions, 
mine  and  skip  car  wheels,  and  for  numerous  other  purposes. 

The  use  of  manganese  steel  for  tlibe-mill  liners  is  a  recent  develop- 
ment which  is  of  special  interest  at  this  time  because  of  the  curtailment 
in  the  supply  of  lining  materials  previously  used,  by  reason  of  the  war 
abroad.     Until  the  introduction  of  manganese-steel  liners,  tube  mills 
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were  lined  almost  exclusively  with  silex  blocks  imported  from  Europe, 
principally  from  Denmark.  The  pebbles  used  in  tube  mills  also  have 
been  imported,  chiefly  from  France  and  Denmark.  The  manganese- 
steel  liners  have  been  developed  to  the  point  where  they  form  a  satis- 
factory substitute  for  silex  blocks,  and  experiments  are  now  being 
conducted  on  the  use  of  2-  and  3-in.  diameter  manganesensteel  balls  in 
place  of  imported  pebbles.  A  manganese-steel  tube-mill  liner  known  as 
the  Komata,  developed  by  E.  C.  Brown,  is  now  used  with  good  results. 


Liner  Plate 


fiUer  Bar 


AOffleBi 


Taper  headed  bolt  holding 
liner  plate  to  mill 

Taper  headed  bolt  holding 
angle  bar  and  filler  bar  to  mill: 

Fig.  6. — Half-Section  of  a  Txtbb  Mill  Fitted  With  Manganese-Steel 

Komata  Lining  Plates  and  Lifting  Babs. 

As,  indicated  in  Fig.  6,  it  consists  simply  of  a  series  of  plates  and  lifting 
bars  securely  attached  to  the  shell  of  the  mill  by  square-headed  taper  bolts^ 
drawn  up  from  the  outside,  so  that  the  plates  are  held  in  place  even 
when  worn  extremely  thin.  The  lifting  bars  perform  an  important 
function,  their  action  being  similar  to  the  bars  installed  in  Bradford  coal 
breakers.  The  bars  carry  the  pebbles  up  to  a  point  considerably  beyond 
the  center  Me  of  the  mill,  causing  an  almost  perfect  cascading  action. 
For  this  reason  the  pebbles  maintain  a  spherical  shape  and  the  great  com- 

10 
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motion  and  rolling  action  of  the  pebbles  produces  an  effective  grinding 
action.  The  pebbles  do  not  slip  on  the  liners,  with  the  result  that  the 
life  of  the  plates  is  prolonged  and  the  tendency  of  pebbles  to  become  flat 
is  prevented. 

The  lifting  bars  are  invariably  made  of  manganese  steel  because  of 
the  great  wear  to  which  they  are  subjected.  The  lining  plates  are  pref- 
erably made  of  the  same  material,  but  if  local  circumstances  warrant, 
they  can  also  be  cast  of  less  expensive  semi-steel  or  white  iron  at  local 
foundries.  To  prevent  the  liner  from  cupping  around  the  bolt  holes, 
raised  bosses  are  placed  on  the  castings  around  each  hole. 

In  operation  the  pulp  soon  gets  behind  the  plates  and  forms  a  cushion 
or  backing.  The  ribs,  or  lifting  bars,  are  spaced  from  18  to  20  in.  apart 
according  to  the  diameter  of  the  mill.  The  filler  bars  which  are  placed 
underneath  the  lifting  bars  are  not  exposed  to  wear  and  therefore  are 
made  of  soft  cast  iron.  The  joints  in  the  bars  are  staggered  with  the 
joints  of  the  liner  plates  to  prevent  the  formation  of  grooves  or  channeb 
in  which  the  pulp  might  travel  and  wear  the  shell  of  the  mill. 

When  a  manganese-steel  liner  is  employed,  the  speed  of  the  mill  has 
an  important  influence  on  the  results  obtained.  The  correct  speed  can 
be  derived  from  the  following  formula: 

Revolutions  per  minute  =  183  -5-  \/Z> 

where  D  is  the  diameter  of  the  mill  in  meters. 

To  secure  satisfactory  results,  the  pebble  load  should  be  about  3  to 
5  in.  below  the  center  line  of  the  mill,  depending  on  the  diameter.  When 
grinding  ordinary  coarsely  crushed  battery  pulp,  the  new  pebbles  fed 
into  the  mill  should  not  exceed  2}4  in.  or,  in  any  case,  3  in.  in  diameter. 

For  the  year  ended  June  30, 1914,  one  of  the  largest  milling  companies 
in  Nevada  reported  the  following  consumption  of  lining  material:  Man- 
ganese-steel lifting  bars,  16,633  lb.;  semi-steel  liner  plates,  49,916  lb. 
During  this  period,  341,354  tons  of  ore  were  ground,  comprising  the  di&- 
charge  of  12  batteries  equipped  with  3-mesh  screens,  together  with  the 
discharge  from  eight  batteries  passed  through  Chilean  mills  equipped  with 
16-mesh  screens,  both  products  being  passed  through  Dorr  classifiers 
before  the  sands  were  fed  to  six  5  by  22  ft.  tube  mills.  The  actual  sliming 
done  by  the  tube  mills  was  estimated  at  100  tons  per  day  per  mill,  80  per 
cent.* of  the  product  passing  through  a  200-mesh  screen.  The  pebble 
consumption  for  a  similar  period  was  1,647,524  lb. 

At  this  plant  a  set  of  manganesensteel  lifting  bars  lasts  about  14 
months  and  a  set  of  semi-steel  liner  plates,  which  are  l^Ke  ^-  thick  at  the 
center,  tapering  to  ^Ke  iii-  at  the  edges,  lasts  about  23  months. 

In  some  of  the  mills  manganese-steel  liner  plates  also  were  used. 
They  were  in  service  29  months  and  when  removed  weighed  less  than  30 
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lb.  each.    These  plates  were  l}i  in.  thick  at  the  center,  tapering  to  %  in. 
in  thickness  at  the  edge. 

The  consumption  of  metal  and  pebbles  per  ton  of  material  ground, 
according  to  the  figures  given  previously,  was  as  follows: 

Consumption 

per  Ton  <rf 

Material 

Ground, 

Pounds 

Manganese-steel  lifting  bars 0.049 

Semi-steel  liner  plates 0 .  137 

Pebbles 4.83 

In  the  mills  in  which  the  foregoing  tests'were  made,  it  is  not  customary 
to  renew  the  whole  liner  at  once,  but  to  remove  worn-out  pieces  from 
time  to  time  as  necessity  demands. 

Some  interesting  tests  of  manganese-steel  liners  have  also  been  made 
on  a  Schmidt-Davidson  type  mill  in  operation  in  New  Zealand.  This 
mill  is  4  ft.  6  in.  in  diameter  and  is  run  at  23  r.p.m.,  which  was  found 
to  be  the  most  effective  speed  when  using  lifting  bars.  The  liners  in  this 
case  were  of  hard,  white  cast  iron  made  at  a  local  foundry.  When  new, 
the  liners  were  1  in.  thick  in  the  center,  tapering  to  ^  in.  at  the  edges, 
the  lining  weighing  5,940  lb.  There  were  10  rows  of  ribs  in  the  mill  with 
an  aggregate  weight  of  2,347  lb.  The  liners  were  used  for  753^  weeks 
and  the  angle  bars  for  60J^  weeks  before  they  required  replacing.  From 
187  to  232  tons  of  ore  were  passed  through  the  mill  daily,  these  figures 
including  the  coarse  sand  which  was  returned  to  the  mill  as  many  times 
as  necessary.  The  stamp  delivered  an  average  of  76  tons  of  ore  to  the 
mill  daily.     The  pebbles  were  from  1}4  to  2}^  in.  in  diameter. 

During  the  last  six  months  of  the  run,  the  fineness  of  grinding  was 
increased  and  for  this  reason  the  quantity  of  ore  fed  to  the  mill  from  the 
stamps  was  reduced  to  66  tons  per  day,  exclusive  of  returns.  The  fine- 
ness of  the  ore  before  and  after  grinding,  when  crushing  this  tonnage, 
averaged  as  follows: 

Screen  Battery  Diacharge,  Tube  Mill  Disoharge 

Meeh  Per  Gent.  Per  Cent. 

+  10  6.2  

+20  6.7  

+40  20.2                                         

+60  8.3                                        

+80  7.0                                      

+100  6.6  0.6 

+160  10.4  6.6 

+200  2.4  4.7 

-200  33.2  88.1 


100.0  100.0 


The  pulp  passing  through  the  tube  mill  varied  between  1  and  1.4 
parts  of  moisture  to  1  of  ore  by  weight.    The  adoption  of  this  special 
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form  of  liner  is  said  to  have  reduced  the  consumption  of  pebbles  bj  70 
per  cent.,  the  liner  cost  having  been  cut  37  per  cent. 

A  company  at  Tonopah,  Nev.,  is  operating  two  5  by  18  ft.  tube  mills 
fitted  with  Komata  linings.  These  mills  run  at  24.4  r.p.m.  and  they  re- 
quire 98.67  hp.,  or  46.335  hp.  per  mill.  The  mills  are  fed  with  the 
discharge  from  stamps  which  are  equipped  chiefly  with  6-inesh  scre^is, 
a  few  batteries  being  provided  with  4-mesh  screens.  The  feed  oontains 
38  per  cent,  moisture.  With  a  pebble  consumption  of  approximatelT 
4  lb.  per  ton  of  ore  ground,  the  results  are  as  follows: 

Finished 


ScrMD  Mesh 

Bftttery  Disoharge 

Tube  MiU  Disolutfge. 

Per  Cent. 

Per  Gent. 

+10 

10.8 

•     «     a     • 

+14 

10.7 

•     •     •     • 

+20 

10.0 

•     •     •     • 

+28 

10.3 

■     •     «     • 

+36 

7.7 

6.0 

+48 

7.1 

2.4 

+65 

5.6 

5.3 

+100 

•  *  • . 

16.1 

+110 

6.0 

■  •  •  * 

+150 

6.6 

28.3 

+200 

4.0 

14.2 

-200 

21.2 

33.1 

22 

•  • 

12 

7 

78 


2 
3 
3 


Manganese  steel  has  been  found  particularly  suitable  for  dredge 
buckets  in  the  gold-dredging  districts  of  Montana,  CaUfomia  and  else- 
where, the  life  of  the  manganese-steel  buckets  being  reckoned  by  years 
instead  of  months.  The  buckets  usually  are  cast  solid  and  the  lips 
riveted  in  place;  they  range  from  600  to  5,000  lb.  in  weight  each,  the 
average  being  about  2,200  lb.  A  number  of  buckets  of  this  type  have 
been  in  service  since  September,  1909,  and  judging  from  present  in- 
dications their  total  life  will  be  from  10  to  12  years. 

Usually  placer  dredge  buckets  are  removed  from  service  because 
the  metal  underneath  the  back  eye  wears  away.  In  some  cases  the 
buckets  are  worn  entirely  through  to  the  bushing  at  this  point  before 
they  are  taken  from  the  line.  The  metal  underneath  the  back  eye 
ranges  from  1^  to  3  in.  in  thickness,  depending  on  the  size  of  the  bucket. 
Some  observations  were  recently  made  of  the  wear  on  50  manganese- 
steel  buckets  placed  in  service  on  a  dredge  in  Montana  in  December, 
1911.  These  buckets  have  a  capacity  of  9  cu.  ft.  each.  When  new,  the 
metal  underneath  the  back  eye  had  an  average  thickness  of  2}4  i^ 
After  having  been  in  service  for  three  years,  actual  running  time,  the 
buckets  were  again  measured  and  the  metal  under  the  back  eye  was 
foimd  to  have  been  worn  to  an  average  thickness  of  1%  in.  In  other 
words,  about  %  in.  of  metal  was  worn  away.  This  means  that  I^  in. 
of  metal  are  still  available  for  wear,  assuming  that  the  buckets  are 
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out  when  the  thickness  is  reduced  to  %  in.    Since  the  wear  has  amounted 
to  ^4  in.  per  yeari  the  estimated  total  life  of  the  buckets  is  nine  years. 

Another  set  of  measurements  was  made  recently  on  a  line  of  86  &-cu. 
ft.  dredge  buckets  which  have  been  in  service  in  Colorado  for  32  months, 
actual  running  time,  covering  the  period  from  March,  1911,  to  Aug. 
5,  1915.  These  buckets  which  when  new  had  a  thickness  of  2^  in. 
underneath  the  back  eye  showed  an  average  wear  for  the  period  of  ^  in. 
Assuming  that  the  5-cu.  ft.  manganese-steel  buckets  would  be  dis- 
carded when  but  %  in.  of  metal  is  left  underneath  the  back  eye,  the 
estimated  life  is  lOK  years  running  time.  It  is  estimated  that  the 
average  life  of  a  carbon-steel  bucket  line  on  this  particular  dredge  would 
not  exceed  30  months. 

Most  dredge  buckets  now  made  are  of  the  two-piece  type,  the  bottom 
and  hood  each  being  cast  integrally.  With  this  design  of  bucket,  leak- 
age is  avoided  and  there  is  no  danger  of  loss  of  valuable  material  through 
the  rivet  holes  while  the  bucket  is  carrying  its  load  from  pond  to  the 
upper  tumbler.  A  short  lip  can  be  used  on  the  two-piece  buckets  and 
comparatively  few  rivets  are  required. 

The  tumblers  on  gold  dredges  also  are  frequently  made  of  cast 
manganese  steel,  some  of  them  weighing  24,578  lb.  The  tumbler  is 
simple  in  construction,  consisting  of  nothing  more  than  spool  cast  in 
one  piece,  the  bore  being  iSnished  by  grinding.  Renewable  wearing 
plates  are  eliminated  on  both  the  inside  and  outside  of  the  flanges  and 
on  the  barrel.  Although  the  round  tumbler  is  used  successfully  with 
the  ordinary  type  of  bucket,  it  is  considered  preferable  to  widen  the 
bottom  of  the  bucket  somewhat  when  a  tumbler  of  this  type  is  em- 
ployed. This  usually  is  accomplished  by  placing  a  flange  along  the  out- 
side of  the  bucket  at  the  bottom  between  the  front  and  rear  eyes. 

Screen  plates  are  also  being  successfully  made  from  manganese 
steel.  When  used  in  connection  with  gold  dredges,  the  hole  may  be 
either  J^  in.  in  diameter,  tapering  to  %  in.  on  the  outside,  or  %  in.  in 
diameter,  tapering  to  %  in.  on  the  outside.  In  order  to  overcome  the 
difficulties  of  casting  round  holes  in  manganese  steel,  some  plates  have 
been  designed  with  rectangular  slots  about  ^  in.  or  ^  in.  wide  on  the 
inside,  tapering  to  %  or  Ji  in.  on  the  outside,  the  slots  being  Ij^  in. 
long  and  set  diagonally.  Elevator  buckets  of  the  same  thickness  as 
malleable  iron  buckets  are  now  made  of  manganese  steel,  the  latter 
giving  six  times  the  service  of  the  malleable  iron. 

The  application  of  manganese  steel  to  steam-shovel  dippers  was  one 
of  the  first  problems  attacked  by  the  manufacturers  of  this  material  in 
this  country,  the  wear'in  this  service  being  particularly  severe.  A  dipper 
known  as  the  Missabe  type  is  made  entirely  of  manganese  [steel.  Its 
body  consists  of  but  two  castings,  the  front  and  back  halves,  which  give 
maximum  stiffness  and  rigidity.    This  design  permits  the  construction 
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at  the  bottom  band  being  3^  in.    The  backs  are  1}^  in.  thick,  except 
at  the  bottom  where  the  thickness  is  increased  to  3^  in. 

Another  improved  dipper  front  is  koowD  as  the  "  Vsnderhoef , "  in 
which  the  front  and  the  dipper-tooth  bases  are  cast  integrally.  The 
renewable  points  are.  substantially  designed  and  are  of  the  reversible 
type.  Among  the  advantages  of  this  design  may  be  mentioned  the 
elimination  of  rivets,  correct  digging  angle,  increased  room  inside  the 
dipper,  due  to  the  position  of  the  base  portions,  great  strength  coupled 
with  rigidity  of  the  entire  front,  and  economy  in  repairs  and  renewals. 


FiQ.  8. — Black  Typk  Ventilated  Head  fob  No.  21  Gates  Cscsher. 

Fig.  7  shows  in  detail  a  Missabe  type  manganese-steel  dipper  of  5-cu. 
yd.  capacity,  equipped  with  a  Vanderhoef  front. 

Fig.  8  shows  a  cast  manganese-steel  ventilated  head  of  the  Black 
type,  suitable  for  a  No.  21  Gates  gyratory  crusher.  This  casting  weighs 
21,360  lb.  As  shown  in  the  illustration,  it  is  provided  with  a  series  of 
vertical  flues  or  cores  running  from  top  to  bottom  which  pernut  a  cir- 
culation of  air  between  the  wearing  surface  and  the  shaft.  This  tends 
to  prevent  the  transmission,  from  the  wearing  surface  to  the  shaft,  of  the 
heat  incident  to  crushing.  As  compared  with  a  solid  head,  the  weight 
is  reduced  from  20  to  30  per  cent. 

Manganese  steel,  although  not  suitable  for  railway  car  wheels  on 
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account  of  its  comparative  softness^  has  been  found  satisfactory  for  mine- 
and  skip-car  and  crane  wheels.  For  crane  wheels  carrying  heavy  rdling 
loads,  manganese  steel  has  been  foimd  particularly  satisfactory.  Man- 
ganese-steel crane  wheels  are  in  service  today  carrying  loads  of  90,0(K) 
lb.  each,  although  30,000  lb.  has  always  been  considered  the  limit  <^* 
safe  working  load  for  chilled-iron  wheels.  A  microscopic  examination 
of  a  manganese-steel  wheel  under  load  will  show  a  flat  spot  instead  of  a 
line  contact  as  in  the  case  of  hard-metal  wheels;  manganese  steel  under 
these  conditions  is  springy  and  recoils  as  the  load  is  released.  The  wheels 
also  exhibit  strong  resistance  to  flange  wear.  This  feature  is  worthy  of 
consideration  in  view  of  the  fact  that  derailments  on  curves  are  usually 
caused  by  the  flanges  having  worn  to  the  angle  of  least  frictional  resist* 
ance,  allowing  the  inherent  straight  Une  force  to  push  the  wheel  flanp 
over  the  rail. 

Where  the  loads  are  heavy,  manganese  steel  is  now  being  extensivdj 
employed  for  gears.  For  the  past  two  years  manganese-steel  spurgean 
have  been  made  with  the  teeth  ground  mechanically  true,  up  to  44-iiL 
pitch  diameter  with  a  10-in.  width  of  face.  Many  ordinary  steel  gears  are 
cut  with  a  range  cutter  which  does  not  leave  the  rolling  contact  theoret- 
ically correct,  whereas  in  grinding  manganese-steel  gears,  a  trinunins 
arrangement  is  placed  on  the  grinder  for  the  purpose  of  dressing  the 
emery  wheel  which  shapes  the  tooth  to  the  proper  contour. 

After  two  years'  continuous  service,  the  wear  on  a  set  of  heavy  high- 
speed manganese-steel  nest  gears  was  recently  measured.  These  gears 
had  a  10-in.  face  and  when  new  the  thickness  of  the  tooth  at  the  pitch 
line  was  0.684  in.  At  the  conclusion  of  the  two-year  period,  the  tooth 
measured  0.601  in.,  the  wear  being  0.083  in.  These  gears  are  still  in 
service  after  having  more  than  earned  their  original  cost,  and  barring 
accident  they  will  be  good  for  many  years  to  come. 

Manganese  steel  is  now  employed  extensively  in  rolling-mill  ma- 
chinery; it  has  been  found  particularly  suitable  for  pinions  on  heavy 
roughing  and  blooming  mills.  Other  parts  around  steel  mills  now  being 
made  of  manganese  steel  are  pipe-drawing  balls,  chafing  plates,  sprocket^:, 
cams,  draw  chains,  unloader  chains,  conveyor  chains,  buckets,  screens, 
pulverizer  hammers,  dry  and  wet  pan  parts,  crusher  castings,  coupling 
boxes,  spindles,  and  backing  rolls. 

For  the  production  of  manganese-steel  castings  the  shop  practice  is 
fundamentally  similar  to  that  of  an  ordinary  steel  foundry,  but  a  number 
of  factors  not  vital  in  ordinary  work  must  be  considered.  Among  other 
points,  the  shrinkage  is  ^e  ^^'  P^r  foot  as  against  %6  to  J^  in.  for  ordinary 
steel.  For  this  reason  the  founders  frequently  prefer  to  make  their  own 
patterns  from  drawings  suppUed  by  their  customers.  Where  patterns 
are  furnished,  sometimes  they  have  to  be  modified  or  rebuilt. 

The  distribution  of  the  metal  in  the  casting  is  also  important,  since 
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the  heat  treatment  and  cooling  produce  stresses  which  must  be  taken  care 
of.  At  times  it  is  necessary  to  add  metal  to  a  casting  temporarily  to 
^v-ithstand  shrinkage  strains,  such  additions  of  metal  being  removed  in 
the  machine  shop.  Manganese  steel,  being  comparatively  expensive, 
must  be  used  economically,  for  which  reason  designs  or  patterns  occasion- 
ally have  to  be  altered. 

In  making  manganese  steel,  side-blow  converters  are  commonly  em- 
ployed and  the  80  per  cent,  ferromanganese  with  which  the  steel  is 
alloyed  is  melted  in  separate  crucible  furnaces.  The  melted  alloy  is 
placed  in  the  bottom  of  the  ladle  and  the  converter  metal  is  poured  in  on 
the  top. 

Manganese  acts  as  a  strong  scavenger,  removing  the  gases  and  im- 
purities from  the  metal,  leaving  it  condensed  and  homogeneous.  Before 
the  molds  are  poured,  the  ladles  are  allowed  to  stand  for  a  time  to  permit 
the  alloy  to  perform  its  function,  after  which  the  accumulation  of  slag  is 
removed. 

The  anneaUng  process  is  particularly  important.  The  temperatures 
and  the  time  the  work  is  allowed  to  remain  in  the  furnace  vary  consider- 
ably, depending  upon  the  nature  of  the  piece;  the  temperature  ranges 
from  1,600  to  2,200*'F.  and  the  time  of  anneaUng  from  4  to  24  hr. 

The  gates  and  risers  of  castings  can  be  broken  off  as  in  malleable 
foundries.  The  cores  are  removed  with  pneumatic  drills  and  the  exterior 
surfaces  are  cleaned  and  trimmed  by  grinding. 

Castings  which  are  to  be  accurate  are  finished  in  the  machine  shop 
by  grinding,  much  of  the  work  requiring  special  grinding  equipment. 
Holes  more  than  134  ii^*  hi  diameter  are  cored  out  of  the  casting  and 
ground  to  size.  When  it  is  necessary  to  drill  smaller  holes  or  to  cut 
threads,  soft  steel  or  wrought-iron  inserts  are  set  in  the  molds  at  the  de- 
sired points,  like  chaplets,  and  the  metal  is  cast  around  them.  Except 
in  small  holes,  inserts  or  bushings  are  not  necessary  where  keyways  are 
cut,  since  these  can  now  be  ground  successfully.  Sometimes  bushings 
are  set  in  the  hubs  of  wheels  to  be  machined  by  ordinary  methods. 

The  foreman  continually  exercises  his  judgment  as  to  the  wheels  and 
cuts  to  be  employed;  coarse  wheels  and  heavy  cuts  are  used  for  removing 
stock  rapidly,  though  it  is  never  accomplished  as  easily  as  would  be  the 
case  were  it  possible  to  use  ordinary  cutting  tools. 

A  complete  manganese-steel  castings  plant,  therefore,  includes  a  steel 
foundry  with  special  equipment  for  melting  ferromanganese  and  annealing 
castings,  a  pattern  shop,  and  a  machine  shop  equipped  with  heavy-duty 
standard  and  special  grinding  apparatus. 


PROTECTING  CALIFORNIA  '  OIL  FIBLDS  2413 


Protecting  California  Oil  Fields  from  Damage  by  Infiltrating  Water 

Oisciission  of  the  paper  of  R.  P.  McLaughlin,  presented  at  the  San  Francisco  meet- 
ing, September,  1915,  and  printed  in  BuUetin  No.  108,  December,  1915,  pp. 
2313  to  2319. 

M.  E.  LoMBARDiy  Berkeley,  Cal. — Mr.  Bell,  I  would  ask  you  to  state 
before  the  meeting  what  you  said  to  me  the  other  day,  about  the  final 
recovery  of  oil  from  oil  sands  that  have  become  inundated  with  water. 

A.  F.  L.  Bell,  San  Francisco,  Cal. — In  stating  my  opinion,  I  give  it 
with  certain  qualifications.  In  the  Kern  field,  and  possibly  in  some 
others,  I  think  we  will  eventually  get  all  the  oil  out,  whether  the  water 
comes  in  or  not,  since  it  is  peculiarly  constructed,  being  in  the  form 
of  a  partial  dome.  In  1909,  while  I  was  field  manager  of  the  Asso- 
ciated Oil  Co.,  I  installed  some  large  air  compressors  to  handle  the 
water.  At  that  time  the  oil  had  migrated  to  the  higher  and  more 
shallow  portions  of  the  field,  because  ^the  water  had  inundated  the 
deeper  sections.  The  result  was  that]  the  shallow  districts  within  the 
center  of  the  dome  were  in  many  cases  producing  as  much  or  more  oil 
per  well  than  the  deeper  wells.  And  in  the  inundated  sections  the  water 
had  slowly  spread  over  large  areas,  so  that  nothing  but  water  was 
pumped  from  them.  Under  these  conditions,  we  decided  to  pump  the 
wet  well  with  air,  and  installed  four  2,000-cu.  ft.  compressors. 

The  air  was  compressed  and  forced  into  the  wet  wells  at  about  250 
lb.  pressure.  Shortly  the  inundated  district  that  had  produced  almost 
all  water  and  only  about  150  bbl.  of  oil  a  day  increased  its  production  to 
over  2,000  bbl.  of  oil  per  day.  It  was  not  long  before  we  noticed  that 
the  production  of  the  shallow  territory  was  falling  off  to  such  an  extent 
that  in  many  cases  the  wells  were  abandoned;  at  the  same  time  the  area 
of  the  water-inundated  district  was  greatly  reduced,  showing  that  when 
the  water  pressure  was  reduced  the  oil  migrated  back  to  the  lower  depth. 
The  wells  which  at  first  had  had  the  air  jets  put  into  them  finally  produced 
so  much  oil  that  we  had  to  take  the  air  jets  out  and  return  to  the  use  of 
the  beam  pump,  because  it  is  not  commercially  feasible  to  pump  an  oil 
of  14**  gravity  with  air.  To  handle  such  oil  profitably  by  air,  it  must 
carry  with  it  50  to  90  per  cent,  of  water. 

The  results  have  led  me  to  believe  that  on  monoclines,  where  there 
is  a  gradual  rise  to  a  certain  point,  or  in  plunging  anticlines,  even  though 
water  gets  into  oil  sands,  eventually  we  get  the  larger  percentage  of  the 
oil.  However,  the  man  with  a  small  acreage  in  the  deeper  sections  may 
find  some  morning  that  his  oil  has  gone,  another  man  in  some  higher  por- 
tion of  the  district  having  gotten  it. 

I  do  not  use  this  as  an  argument  against  any  of  the  means  adopted 
for  the  prevention  of  the  inundation  of  water,  since  infiltration  is  always 
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a  source  of  danger.     Many  of  my  theories  have  not  always  worked  out, 
and  this  is  only  a  theory  of  mine. 

A.  C.  McLaughlin,  San  Francisco,  Cal. — Supplementing  what  ilr. 
Bell  has  said,  the  division  ownership  of  lands  makes  necessary  some  solu- 
tion  of  the  water  question.  Mr.  Bell's  theory  is  undoubtedly  correct  in 
some  cases.  However,  if  there  are  some  25  or  30  owners,  each  would 
like  to  get  the  original  amount  of  oil  which  underlaid  his  lands. 

A.  F.  L.  Bell. — My  theory  is  that  to  get  oil  out  of  an  inundated 
district,  you  must  reduce  the  liquid  level  so  that  water  and  oil  flow  to- 
gether to  the  weU;  but  if  the  water  level  cannot  be  reduced  and  remains 
at  a  high  level  in  the  well,  then  the  water  is  a  detriment  and  will  shut  off 
the  oil.  To  get  all  the  oil  you  must  have  the  water  under  such  control 
that  you  can  pump  more  water  and  oil  from  the  well  than  is  coining  to 
it.  The  moment  more  water  comes  to  a  well  than  can  be  handled,  thee 
the  oil  is  shut  off. 

A.  C.  McLaughlin. — By  reason  of  the  higher  surface  tension  of 
water  over  oil,  the  tendency  is  for  the  water  to  migrate  to  lower  pressure 
areas;  where  pressures  are  practically  nil,  the  conditions  are  as  Mr.  Bell 
mentions  them,  but  in  cases  where  there  are  pressures  of  25  or  30  lb., 
the  tendency  is  to  migrate  toward  the  well.  This  displaces  the  oil 
and  creates  an  area  of  low  pressure  when  a  well  is  dug.  So  I  think  it  is 
conceivable  that  by  letting  water  into  oil  wells,  the  oil  could  never  be 
gotten  out. 

William  A.  Williams,  San  Francisco,  Cal. — The  Bureau  of  Mines 
is  charged  with  the  supervision  of  operations  on  Indian  lands  in  Okla- 
homa, and  we  have  had  the  water  menace  to  contend  with  on  these 
lands.  The  Cushing  field  is  perhaps  one  of  the  best  illustrations  of  the 
damage  that  may  be  done  to  a  field  by  not  effectively  excluding  the 
water  from  the  oil  and  gas  sands.  On  March  1,  1915,  the  production  of 
the  Cushing  field  was  in  excess  of  300,000  bbl.  per  day;  today  it  is  less 
than  140,000  bbl.  The  excessive  decline  is  due  to  improper  methods  of 
casing  wells  to  shut  off  the  water.  The  operators  did  not  case  off  the 
water  uniformly;  some  cased  above  a  certain  sand  and  some  cased  below 
the  same  sand.  As  there  are  several  producing  sands,  both  oil  and  gas, 
in  the  Cushing  field,  the  result  of  this  unsystematic  casing  has  been 
intercommunication  between  sands,  permitting  the  gas  to  come  into 
contact  with  the  water-bearing  sand,  and  while  the  gas  pressure  was 
sufficient  to  overcome  the  hydrostatic  pressure  of  the  water  sands,  the 
gas  forced  the  water  away  from  the  bore  hole.  When  this  gas  pressure 
was  not  sufficient  to  overcome  the  hydrostatic  pressure,  the  water  found 
its  way  into  the  oil  sands,  resulting  in  an  abnormal  decline  in  production 
and  the  formation  of  a  considerable  percentage  of  cut  oil  or  emulsion. 
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By  the  drowning  and  wasting  of  gas  a  considerable  loss  occurred  not 
only  in  the  value  of  gas  as  a  fuel,  but  in  the  matter  ef  operating  costs, 
for  where  gas  .occurs  with  the  oil,  this  gas,  when  properly  conserved, 
assists  in  pumping  the  wells,  thus  reducing  operating  costs. 

It  was  found  impracticable  to  protect  with  a  string  of  casing,  each 
sand  found  in  the  Gushing  field  and  in  lieu  of  the  large  amount  of  casing 
necessary  to  protect  the  sand  adequately,  the  Bureau  of  Mines  has 
recommended  sealing  with  mud  all  oil,  gas,  water,  and  barren  sands,  above 
the  productive  sands.  This  is  accomplished  by  landing  a  string  of  casing 
immediately  a]|}ove  the  sand  to  be  utilized,  sealing  with  mud  all  sands  . 
behind  this  casing. 

In  one  of  the  Kansas  fields,  where  the  gas  occurred  at  1,500  ft.  and 
oil  at  2,500  ft.,  a  strong  flow  of  top  water  was  encountered  above  the  gas 
sand.  Wells  were  drilled,  the  water  and  gas  sands  mudded  off  behind  a 
single  string  of  casing;  the  oil  wells  were  drilled  in  at  a  cost  $500  less  than 
required  to  complete  wells  without  the  use  of  the  mud  fluid,  notwithstand- 
ing that  the  well  had  to  be  drilled  for  a  considerable  distance  with  the 
fluid  in  the  hole.  The  saving  was  accomplished  in  the  reduced  amount 
of  casing  required,  the  company  drilling  separate  wells  for  gas. 

A.  F.  L.  Bell. — A  law  should  be  enacted  requiring  that  all  sands 
above  the  oil-producing  sand  should  be  cased  off. 

William  A.  Williams. — It  is  necessary  that  all  water  sands,  in  fact 
all  sands,  be  cased  off  uniformly.  Unless  this  is  done,  water  will  find  its 
way  through  the  sands  into  the  producing  sand  notwithstanding  the 
fact  that  water  may  have  been  effectively  shut  off  at  different  casing 
points  in  the  various  wells. 

Mark  L.  Rbqua,  San  Francisco,  Cal. — I  would  like  to  ask  Mr. 
McLaughlin  whether  he  has  decided  how  far  he  can  go  in  remedying  the 
water  situation.  I  believe  the  conditions  in  certain  parts  of  the  State 
have  gone  to  such  an  extent  that  it  is  dubious  whether  they  can  be 
remedied. 

R.  P.  McLaughlin. — Many  old  wells  have  been  drilled  with  no 
records  to  show  what  was  put  in  them  and  what  the  conditions  were 
originally.  Many  of  those  old  wells  we  cannot  remedy  since  it  might 
cost  more  to  fix  them  than  the  wells  are  worth. 

This  would  be  a  mere  guess,  but  out  of  all  the  old  wells  we  would  be 
fortimate  if  we  could  at  present  fix  up  10  or  15  per  cent.  However,  in 
say,  90  per  cent,  of  the  new  wells,  we  should  be  able  to  give  the  operators 
advice  so  that  we  could  entirely  avoid  the  damage.  One  of  the  largest 
fields  in  the  world,  the  Midway-Sunset,  has  now  only  about  one  well  to 
30  acres  of  proved  oil  land,  which  gives  an  idea  of  the  great  importance  of 
wells  yet  to  be  drilled. 
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Mark  L.  Requa. — I  am  in  entire  accord  with  this  work,  but  are  we 
not,  in  a  measure,  shutting  the  door  after  the  horse  has  run  out  of  the 
stable.  It  is  true,  so  far  as  new  wells  are  concerned,  that  it  will  be  pos- 
sible to  do  much  under  the  supervision  of  the  State  Mining  Bureau,  and 
in  a  large  measure  to  avoid  the  unsatisfactory  conditions  which  exi^ 
at  a  lot  of  wells  already  drilled,  but  in  many  old  wells  it  will  be  impossible 
to  shut  oflF  the  water. 

I  have  a  case  of  that  kind  in  the  Coalinga  field,  where  we  drilled  & 
pioneer  well.  We  did  not  know  the  formation  at  the  bottom  aod 
drilled  into  an  underlying  water  sand  which  was  not  recognized  at  the 
time.  The  hole  was  not  plugged;  the  casing  collapsed,  and  we  rediilled 
the  well.  We  do  not  now  know  where  the  old  casing  is.  It  is  within  a 
reasonable  limit  of  the  bottom  of  that  hole,  but  we  are  utterly  unable  to 
get  down  over  the  exact  spot,  clean  the  hole,  and  plug  it. 

That  well  is  producing  water,  the  old  casing  allowing  the  entrance  of 
water  from  the  underlying  strata. 

William  A.  Williams. — ^The  water  might  be  shut  oflf  by  cleaning 
out  the  well  and  filling  up  with  mud,  if  the  well  is  to  be  abandoned. 
In  Illinois  they  have  had  trouble  with  edge  water.  When  edge  wells 
begin  to  show  water,  the  operators  cement  up  10  or  15  ft.  of  the  bottom  of 
the  sand,  efiFectively  shutting  off  the  water  until  the  water  level  rises 
isibove  the  top  of  the  cement.  The  well  is  again  cemented  and  so  on 
until  all  of  the  oil  has  been  exhausted  from  the  sand,  when  the  sand 
should  be  effectively  plugged,  otherwise  water  may  get  in  and  pass 
through  the  upper  sands  into  the  producing  wells.  The  method  of  ce- 
menting was  simple  but  effective,  consisting  of  placing  the  necessary  ce- 
ment in  the  bottom  of  the  well,  forcing  the  cement  back  into  the  sand 
with  a  pressure  equal  to  a  column  of  water  possibly  100  ft.  above  the 
ground-water  level. 

C.  D.  Keen,  Shreveport,  La. — In  Louisiana  we  have  no  laws  which 
deal  with  the  shutting  off  of  water  from  the  oil  sand.  About  two  years 
ago  the  Governor  of  the  State  appointed  a  committee  of  representative 
oil  men  from  all  parts  of  the  State,  and  requested  them  to  formulate 
a  set  of  regulations  dealing  with  the  conservation  of  oil  and  natural 
gas. 

This  committee  submitted  its  report,  which  passed  through  the  l^is- 
lature,  and  is  known  now  as  the  Conservation  Law  of  the  State  of  Louisi- 
ana. I  was  a  member  of  that  committee.  The  point  was  brought  up, 
whether  it  would  be  necessary  to  embody  in  the  regulations  a  sectioOi 
making  it  compulsory  for  the  oil  operator  to  shut  off  the  salt  water  from 
the  oil  sand. 

After  some  discussion  it  was  the  belief  of  the  meeting  that  the  success- 
ful shutting  off  of  the  water  from  the  oil-bearing  strata  is  of  such  vital 
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importance  for  the  oil  operator  that  it  would  not  be  necessary  to  make 
any  regulations  covering  that  subject.  It  is  impossible  in  our  part  of 
the  country  to  complete  an  oil  weU  unless  the  water  from  the  strata 
above  has  been  shut  oflf  entirely. 

It  may  be  interesting  to  give  you  a  short  description  of  the  methods 
we  use  to  shut  ofiF  the  salt  water. 

In  ^our  wells  we  set  a  string  of  6-in.  casing  at  a  depth  ranging  from 
2,200  to  2,500  ft.  After  we  have  drilled  the  hole  down  to  the  point  where 
we  wish  to  set  the  6-in.  casing,  we  put  the  casing  into  the  hole;  when  it 
reaches  the  bottom  of  the  hole  we  displace  the  drilling  mud  inside  the  6- 
in.  casing  by  running  about  500  ft.  of  plugged  4-in.  drill  pipe  inside  it. 
We  then  mix  our  cement,  usually  30  sacks  of  cement  and  15  sacks  of 
sand,  and  pour  the  cement  on  the  heavy  mud  in  the  6-in.  casing.  When 
the  cement  is  poured  into  the  6-in.  casing  we  follow  it  up  with  a  wooden 
plug  about  3  ft.  long  and  5^  in.  in  diameter,  provided  with  rubber 
washers  on  both  sides,  so  as  to  make  a  tight  fit  in  the  casing.  After  the 
plug  is  driven  into  the  pipe,  the  swivel  is  screwed  on  and  the  string  of 
pipe  is  lifted  up  about  8  in.  from  the  bottom;  then  the  pump  is  started, 
and  the  cement  with  the  plug  behind  it  goes  to  the  bottom  of  the 
hole.  The  pump  keeps  on  running  until  all  the  cement  is  pumped  out- 
side the  bottom  of  the  6-in.  casing,  and  the  plug  hits  the  bottom;  this 
shuts  down  the  pump,  and  we  know  that  there  is  no  more  cement  left 
inside  the  6-in.  casing.  In  order  to  make  sure  that  the  job  has  been 
a  good  one,  a  steel  measuring  line  is  run  into  the  casing  to  see  if  the 
wooden  plug  is  actually  down  on  bottom. 

We  allow  the  cement  10  days  to  harden,  and  then  bail  the  casing 
dry.  If  the  cementing  has  not  been  successful,  we  cement  the  6-in. 
over  again,  or  set  a  string  of  4^-in.  casing  inside  the  6-in.,  but  under  no 
circumstance  is  the  well  completed  unless  the  water  is  shut  off  satis- 
factorily. The  shutting  off  of  the  water  in  Louisiana  has  not  given 
much  trouble.  Until  about  three  years  ago  we  had  to  rely  on  gumbo 
formations  to  set  our  casing  in,  but  with  the  cement  process  we  can  set 
the  casing  in  almost  any  formation  to  shut  off  the  water. 

I  find  that  the  process  of  cementing  in  California  is  somewhat  more 
complicated  than  ours,  which  may  be  explained  by  the  fact  that  the 
casings  are  bigger  than  ours.  It  is  well  known  that  it  is  easier  to  cement 
a  string  of  6-in.  casing  than  a  string  of  12-in.  casing,  and  I  doubt  very 
much  if  cementing  with  the  single  plug  would  be  successful  in  California. 

The  committee  mentioned  above  made  one  regulation  which  I  would 
like  to  mention.  The  surface  formations  in  Texas  and  Louisiana  are 
soft  and  imconsolidated.  In  the  new  fields  we  meet  with  gas  pressures 
ranging  from  450  to  800  lb.,  and  the  blow-outs  we  have  are  sometimes 
serious.  In  different  places  blow-outs  took  place,  forming  craters  in  less 
than  24  hr.,  in  which  the  derrick  and  all  machinery  were  buried;  one  of 
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the  most  notable  instances  of  that  kind  was  the  burning  gas  weU  doee 
to  Oil  City,  La.,  where  a  crater  was  formed  about  250  ft.  in  diameta 
and  about  50  ft.  deep.  In  order  to  deal  successfully  with  conditions 
of  that  kind  it  was  deemed  necessary  to  set  in  each  well  a  sufficient 
amount  of  surface  casing,  approximately  200  or  300  ft.,  and  cement  it. 
When  the  surface  casing  is  cemented  in  good  shape,  and  a  blow-out  is 
encountered,  one  has  at  least  one  good  string  to  rely  on,  and  the  o^^erator 
is  in  good  shape  to  kill  the  blow-out. 

In  connection  with  my  remark  about  the  use  of  big  casings  I  would 
like  to  ask  why  such  large  casings  are  used  in  California.  A  few  days 
£^o  I  visited  the  Coalinga  field,  and  was  told  of  a  well  in  which  was  set 
2,800  ft.  of  12-in.  casing.  The  well  was  drilled  all  the  way  down  to  the 
casing  point  with  the  rotary  system.  Would  not  8-in.  casing  have  served 
equally  as  well? 

In  our  Gulf  Coast  fields,  we  get  wells  in  which  the  casing  that  shuts 
off  the  water  is  not  bigger  than  6-in. ;  and  we  get  some  good  wells,  wfaidi 
make  all  their  production  through  6-in.  casing  and  4^*in.  Uner. 

In  my  opinion,  to  use  a  smaller  casing  in  Calif omia  would  save  botli 
time  and  money. 

M.  E.  LoMBARDi. — We  always  try  to  shut  off  with  10  in.,  where  the 
collapsing  pressure  which  the  pipe  will  have  to  bear  does  not  require  too 
heavy  a  pipe.  The  object  is  to  finish  with  6%  or  6^^  in.  at  least,  as  we 
find  a  hole  less  than  6)^  in.  an  expensive  one  from  which  to  produce. 

We  have  to  use  such  small  holes,  at  times.  In  the  western  side  of 
the  Coalinga  field  we  shut  off  with  10  in.  and  finish  with  8^.  But  a 
condition  obtains  there  (I  do  not  know  whether  it  is  edge  water  coming 
in,  or  what),  that  often  requires  a  second  shutting  off.  If  it  is  first  shut 
off  with  8  in.,  the  second  requires  6^^,  and  next  4}^,  and  that  is  not  a 
proper  or  economical  well. 

A.  C.  McLaughlin. — What  percentage  of  the  cementing  operation  is 
not  successful? 

C.  D.  Keen. — The  majority  are  successful.  I  have  cemented  about 
45  wells,  and  I  lost  only  one  cementing  job  on  account  of  some  gas 
escaping. 

William  A.  Williams. — What  kind  of  set  shoes  do  you  use  in 
Louisiana? 

C.  D.  Keen. — We  use  a  light  shoe,  about  2  ft.  long.  Some  operators 
only  use  reinforced  couplings.     We  do  not  use  heavy  shoes  at  all. 

A.  F.  L.  Bell. — ^Answering  Mr.  Keen's  question,  why  we  use  large 
casing,  I  might  say  that  in  California  the  conditions  are  so  different 
from  those  in  the  East  that  he  is  not  the  first  or  only  Eastern  man  who 
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has  thought  we  were  extravagant  in  our  work;  but  there  are  conditions 
arising  which  cannot  be  understood  or  appreciated  by  anyone  who  has 
not  operated  in  California  fields.  Many  wells  in  the  East  are  drilled 
and  placed  on  the  pump  for  what  it  costs  us  to  build  and  equip  the  der- 
rick and  rig  on  our  deep  wells.  The  latter  cost  us  about  t4,000,  and  it 
would  be  the  height  of  folly  to  erect  them  for  less.  We  have  formations 
entirely  unknown  in  the  East,  consisting  of  caving  ground,  and  running 
sands.  These  are  so  different  from  the  solid  sandstone  and  limestones 
in  the  East  that  in  our  experience  we  have  found  it  was  a  good  plan  to 
use  larger  pipes  and  more  of  them  than  would  be  necessary  in  many  other 
districts. 

C.  D.  Kben. — ^In  our  company  we  finish  all  our  wells  with  the  rotary. 
We  drill  to  the  oil  sands  with  thin  mud,  set  the  liner  in  the  well,  and  wash 
it  inside  and  outside  with  clear  water. 

In  California,  the  opinion  is  that  the  rotary  mud  will  hurt  the  well  by 
filling  up  the  voids  in  the  sand.  If  there  is  the  least  gas  pressure  present 
to  bring  the  water  back  out  of  the  formation,  it  does  not  hurt  the  well 
at  all  to  drill  with  a  rotary. 

A.  C.  McLaughlin. — With  rotary  drills  some  wells  in  California 
have  been  drilled  in  which  the  oil  sand  was  passed- entirely  through 
without  its  being  recognized.  The  rotary  is  not  satisfactory  unless  the 
depth  of  the  oil  sand  is  known  before  drilling  b^ins. 

A.  F.  L.  Bell. — In  California  our  formations  do  not  lie  as  level  as 
those  in  the  East.  In  fields  that  I  am  familiar  with  in  the  East  you 
can  safely  say  that  the  drillers  are  going  to  strike  the  oil  sand  in  a  few 
feet.  In  California  the  conditions  are  entirely  different.  There  are  so 
many  underlying  dips  and  folds  that  extreme  pare  must  be  taken  in 
locating  the  sand  in  many  of  the  fields.  In  one  case,  in  the  Midway 
field,  we  drilled  two  wells  with  the  rotary  at  the  same  time,  and  in  each 
case  we  passed  through  the  oil  sand  without  knowing  it,  and  the  only 
thing  noticeable  while  drilling  was  a  few  bubbles  of  gas  at  one  point. 
In  looking  for  the  oil  we  drilled  down  into  water  and  at  first  thought  the 
district  was  barren,  as  there  was  not  the  slightest  indication  of  oil.  Then, 
after  studying  the  conditions,  we  thought  that  possibly  the  oil  sand  might 
be  where  the  little  ebullition  of  gas  had  been  noted.  We  then  cemented 
off  the  bottom  water  in  each  well;  one  well  came  in  at  10,000  bbl.,  and 
the  other  at  5,000  bbl.  In  still  another  case  the  rotary  showed  great 
quantities  of  oil  in  the  mud  and  we  expected  a  gusher,  and  got  a  15-bbl. 
well.  We  decided  to  stop  the  rotary  drilling  above  the  oil  sand  and  finish 
the  well  with  standard  tools'. 
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Petroleum  as  Fuel  under  Boilers  and  in  Furnaces 

Discussion  of  the  paper  of  W.  N.  Best,  presented  at  the  San  Francisco  meetise. 
September,  1915,  and  printed  in  BuUUin  No.  104,  August,  1915,  pp.  1527  u 
.     1537. 

William  A.  Williams,  San  Francisco,  Cal. — ^I  would  like  to  ask 
whether  Mr.  Best  ever  had  any  experience  with  an  oQ  burner  that  used 
neither  air  nor  steam? 

W.  N.  Best,  New  York,  N.  Y. — Yes.  This  type  is  commoDhr 
known  as  the  "mechanical  spray  burner''  and  uses  oil  heated  under  hi^ 
pressure  to  above  its  vaporizing  point.  These  burners  are  not  as  efficient 
as  the  atomizing  type  for  the  following  reasons: 

1.  They  produce  a  round  flame  which,  as  with  any  other  type  of 
burner,  must  pass  over  a  flat  surface.  A  round  flame  cannot  fit  a  flit 
surface. 

2.  They  do  not  evenly  distribute  the  heat,  resulting  in  localiied 
heat. 

3.  The  outlet  through  which  the  fuel  passes  is  very  small;  so  aD 
gravities  of  oil,  especially  oil  containing  sand,  cannot  be  burned. 

4.  Their  construction  is  such  that  they  must  be  cleaned  frequentlj. 
as  the  residuum  in  the  fuel  clogs  the  burner. 

5.  The  oil  opening  being  small,  the  capacity  of  each  burner  is  sidaIL 
so  that  many  burners  must  be  used  in  a  boiler  or  furnace.  (The  fewer 
burners  there  are,  the  more  accurately  they  can  be  regulated.) 

In  marine  boilers,  these  burners  are  largely  used,  because  thej  do 
not  require  either  steam  or  air  for  atomization.  However,  there  are 
other  methods  by  which  this  objection  to  other  types  can  be  eliminated, 
such  as  by  the  use  of  a  rotary  blower  and  steam  turbine  engine,  the 
exhaust  from  the  engine  passing  into  the  engine  condenser,  thus  obviating 
loss  of  water. 

Mechanical  burners  are  rarely  used  in  shops.  I  know  of  but  one 
power  plant  using  them. 

With  mechanical  burners,  the  fuel  must  be  maintained  at  a  high 
pressure.  On  board  naval  vessels,  some  mechanical  burners  demand 
an  oil  pressure  of  from  100  to  600  lb.  It  is  advisable  to  reduce  the  pressure 
as  much  as  possible,  as  fractured  pipes  or  fittings  are  particularly  danger- 
ous, for  the  heated  oil  escapes  as  a  vapor.  In  such  cases  there  is  Uability 
of  an  explosion  caused  by  spontaneous  combustion. 

Hennbn  Jennings,  Washington,  D.  C. — ^Is  crude  petroleum  required 
for  use  under  boilers,  or  is  it  possible  to  extract  certain  constituents 
of  petroleum  and  then  use  the  residuum  under  boilers?  Is  it  not,  with  tbe 
limited  production  in  the  country,  necessary  to  make  a  full  use  of  pe- 
troleum before  using  it  as  a  finality  in  producing  steam? 
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W.  N.  Best. — I  have  always  contended  that  any  burner  which  will 
not  atomize  any  gravity  of  topped  oil,  crude  oil  of  any  gravity,  fuel 
oil,  oil  tar,  or  coal  tar  is  not  worthy  of  the  name  burner.  We  have 
boilers  equipped  using  coal  tar  as  fuel,  others  oil  tar,  others  crude  oil 
as  low  as  11°  B6.  gravity  (Mexican  oil),  while  some  plants  use  oil  con- 
taining as  high  as  3  or  4  per  cent,  sand;  in  fact  all  kinds  of  liquid  fuel. 

David  T.  Day,  Washington,  D.  C. — What  is  the  size  of  this  3  or  4 
per  cent,  of  sand,  and  what  amount  of  dirt  can  go  through  your  process? 

W.  N.  Best. — In  the  Mexican  fields  the  oil  is  stored  in  large  reser- 
voirs or  lakes  and  in  pumping  it  up  into  tanks  you  will  often  find  that  it 
contains  some  sand  of  average  size;  therefore,  a  burner  must  have  the 
oil  opening  of  sufficient  size  to  allow  this  sand  to  pass  out  readily.  The 
oil  opening  should  be  independent  of  the  steam  or  air  atomizing  open- 
ing so  that  the  force  of  the  steam  or  air  will  not  cause  the  sand  or  other 
residuum  in  the  fuel  to  cut  away  the  metal  of  the  burner.  For  this 
reason  the  exterior  atomizing  type  of  burner  is  always  preferable.  The 
average  mechanical  burner  has  an  opening  abput  ^4-in.  in  diameter  and 
any  sand  in  the  fuel  must  of  necessity  cut  away  the  metal  in  the  opening 
of  the  burner  or  sprayer. 

In  southern  California,  some  oils  contain  as  much  as  2  per  cent,  sand, 
so  fine  that  it  cannot  be  separated  from  the  oil  by  the  use  of  strainers. 
With  some  types  of  burners  the  mouth  is  cut  away  by  this  fine  sand.  In 
such  burners  it  is  necessary  to  have  removable  parts  in  order  to  save  the 
body  of  th^  burner.  It  is  always  advisable  to  have  an  abundant  supply 
of  repair  parts  on  hand  for  an  internal  atomizing  biuner. 

We  often  burn  coal  tar  containing  as  much  as  30  per  cent,  free  car- 
bon; the  burner  must  be  so  constructed  that  the  free  carbon  can  readily 
pass  through  it. 

Mark  L.  Requa,  San  Francisco,  Cal. — Do  you  know  of  any  burner 
adapted  to  domestic  use  which  can  be  installed  at  comparatively  mod- 
erate cost?  Burners  are  being  used  in  apartment  houses,  hotels  and 
residences,  but  they  cost  so  much  that  it  is  not  feasible  to  put  them 
into  small  houses.  There  is  a  field  for  a  small  burner  if  installed  cheaply, 
that  would  supplant  the  use  of  coal.  Do  you  know  of  any  burner  of  that 
type? 

W.  N.  Best. — There  are  a  number  of  air  carbureting  burners  which 
require  no  mechanical  means  for  the  atomization  of  the  oil.  The  oil 
must  be  volatile  (a  distillate  oil)  so  that  it  will  readily  burn  on  a  hot 
plate. 

In  this  hot  plate  are  a  number  of  openings  to  provide  the  requisite 
quantity  of  oxygen  for  burning  the  oil.  And  around  the  plate  there  is 
a  refractory  lining,  the  heat  therefrom  aiding  combustion. 
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These  burners  can  be  installed  very  cheaply,  the  only  difficulty  being 
that  they  cannot  be  installed  in  some  States  in  dwellings^  etc.,  because  o! 
the  fact  that  they  ordinarily  use  gravity  feed.  A  large  number  img 
gravity  feed  are  in  use  in  southern  California;  and  in  the  Eastern  States 
they  are  being  used  in  small  boilers  for  heating  green  houses  and  tk 

like. 

* 

Mark  L.  Rbqua. — There  is  a  hot  plate  which  uses  hot  water  aod 
oil.  ' 

W.  N.  BssT. — ^The  trouble  with  this  type  of  burner  is  that  the 
oil  used  is  not  sufficiently  volatile.  A  very  volatile  oil,  a  distillate,  is 
required.  Again,  oil  and  water  do  not  mix  well  and  the  quantity  d 
water  in  this  type  of  equipment  must  be  accurately  controlled.  If  any- 
thing goes  wrong  with  the  oil  supply,  too  much  water  is  fed  and  the 
apparatus  is  flooded. 

A.  F.  L.  Bell. — I  would  like  to  answer  Mr.  Jennings'  question,  as 
I  do  not  think  it  was  fully  covered.  Mr.  Jennings  wanted  to  know  whether 
all  petroleum  should  not  be  topped  before  using  it.  Practically  all  ligiit 
petroleum  in  California  is  topped,  as  about  one-half  the  fuel  oil  consumer 
in  California  is  residuum  oil;  the  other  half  is  crude  oil,  too  heavy  for 
refining  purposes. 

M.  L.  Rbqua. — I  think  Mr.  Jennings  has  in  mind  the  idea  th&t 
to  burn  any  oil  before  it  is  subjected  to  some  refining  process  is  not  an 
economical  way. 

As  far  as  the  product  resulting  is  concerned,  the  final  residuum  is  as 
good  for  fuel  piu-poses  as  crude  oil,  and  it  has  practically  the  same  number 
.of  heat  units,  or,  in  fact,  a  few  more.  And  it  does  remove  a  certain 
economic  waste  which  exists  in  burning  the  crude  oil  before  it  has  been 
treated.  The  sooner  the  oil  operators  realize  that  they  are  was&g 
resources  which  should  be  utilized,  the  better  it  will  be,  I  think,  for  aS 
concerned. 
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Sliding  Royalties  for  Oil  and  Gas  Wells 

Discussion  of  the  paper  of  Robwsll  H.  Johnson,  presented  at  the  6An  Francisco 
meeting,  September,  1015,  and  printed  in  Bt^tin  No.  102,  June,  1915,  pp. 
1291  to  1294. 

William  A.  Williams,  San  Francisco,  Cal. — ^A  sliding  scale  of  roy- 
alties was  proposed  to  the  Department  of  the  Interior  in  connection  with 
the  fixing  of  royalties  to  be  charged  upon  oil  leases  made  on  the  Osage 
Reservation  in  Oklahoma.  The  possibility  of  evasion  and  diflSculty  of 
enforcement  required  close  inspection  to  satisfy  all  interests,  particularly 
in  connection  with  the  exemption  from  royalty  on  oil  to  equal  mainte- 
nance and  interest  on  the  junk. 

Mr.  Johnson  discusses  the  block  method,  the  period  method,  and 
the  cumulative  method,  and  favors  the  adoption  of  the  cumulative 
method  with  a  proviso  that  the  wells  should  be  permitted  to  be  pumped 
until  the  gross  income  is  as  low  as  the  maintenance  cost,  which  would 
mean  exemption  from  royalty  on  the  smallest  wells.  He  recommends 
that  depth  be  the  variable  factor  upon  which  the  sliding  royalty  is  based 
and  suggests  that  on  partially  developed  territory  in  the  Osage,  the 
royalty  be  one-sixth  for  oil  wells  averaging  less  than  2,000  ft.  in  depth, 
one-eighth  for  wells  from  2,000  to  3,000  ft.,  and  one-twelfth  above  3,000 
ft.;  for  the  rest  of  the  Osage  he  suggests  one-eighth  above  2,800  ft.  and 
one-twelfth  below  that  depth.  The  net  result,  if  Mr.  Johnson's  sugges- 
tions had  been  accepted  in  the  Osage,  would  have  been  to  reduce  the 
then  existing  rate  of  royalty  and  considerably  increase  the  cost  of 
administration. 

The  difficulties  in  determining  the  size  of  wells  to  be  exempt  and  the 
possibility  of  obtaining  oil  at  different  depths  in  the  same  well  might 
lead  to  complications  which  are  avoided  by  charging  a  flat  royalty  as  now 
universally  charged  throughout  the  United  States.  It  is  not  uncommon 
to  reduce  the  royalty  when  the  production  of  the  wells  becomes' un- 
profitable at  an  existing  rate  of  royalty,  accomplishing  very  much  the 
same  results  as  Mr.  Johnson  has  attempted  to  accomplish  by  the  cumula- 
tive royalties,  and  probably  in  a  manner  far  more  satisfactory  to  the 
operator  and  the  lessor. 

A.  C.  McLaughlin,  San  Francisco,  Cal. — The  net  revenue  of  the 
well  depends,  first,  on  the  cost  of  production;  second,  on  the  amount  of 
oil  produced;  therefore  it  would  be  impossible  imder  Mr.  Johnson's 
system  to  set  a  royalty  which  would  be  fair  to  all  concerned.  If  it  is 
impossible  to  set  it  at  the  beginning,  it  is  certainly  further  impossible  to 
do  it  from  day  to  day.    I  think  it  is  entirely  impracticable  of  application. 

William  A.  Williams. — Mr.  Johnson  said  this  would  be  based 
on^pipe-line  statements  of  the  runs. 
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A.  C.  McLaughlin. — But  the  price  obtained  for  the  oil  and  the  ccl^t 
of  production  are  big  factors.  I  know  of  some  wells  with  an  ayerafe 
production  of  150  bbl.  a  day,  and  costing  to  operate  say,  $150  a  month, 
each;  but  when  they  get  to  be  strippers,  the  operating  costs  are  S2o  a 
month.  It  is  impossible  to  set  an  equitable  rate  of  royalty  on  that 
basis. 

A.  F.  L.  Bell,  San  Francisco,  Cal. — It  seems  to  me  that  on  Govern- 
ment lands  in  California  a  sliding  royalty  should  be  a  dangerous  thine 
to  inaugurate  in  the  oil  business.  I  think  there  should  be  a  period 
royalty. 

I  made  an  examination  of  about  500  wells,  in  one  of  the  Oklahoma 
fields,  and  foimd  the  average  life  to  be  about  7  years,  after  which  the 
wells  produced  less  than  a  barrel  per  day. 

In  California  the  production  of  the  well  would  be  greater  and  the 
profitable  life  larger.  Whatever  we  do  let  us  try  and  keep  away  from  a 
sliding  royalty  since  it  would  add  to  the  already  heavy  burden  of  the 
oil  companies. 

« 

RoswBLL  H.  Johnson  (communication  to  the  Secretary*). — Tte 
paper  consists  of  (a)  an  analysis  of  the  different  methods  of  graduatinf 
royalty,  (6)  an  examination  of  each  as  applied  to  oil  wells>  (c)  two  poa- 
tive  recommendations. 

Has  not  Mr.  Bell  confused  the  complexity  of  the  types  of  sliding 
(which  I  mentioned  only  to  reject  for  that  very  reason)  with  the  two 
kinds  I  favored? 

I  have  recommended  that  a  different  rate  be  used  in  fields  where 
costs  are  light  and  receipts  heavy  than  that  used  where  costs  are  heavy 
and  receipts  light.  This  is  merely  to  yield  to  what  is  already  a  tendency^ 
and  what  is  very  general  in  nearly  all  businesses  that  have  royalties; 
the  royalties  of  authors,  lecturers,  playwrights,  mine  owners  and  others 
vary  according  to  just  such  considerations  of  costs  and  receipts.  It  is 
more  scientific  to  vary  the  royalty  than  to  have  a  universal  fixed 
royalty  and  varying  bonuses,  because  lower  royalties  in  expensive  regions 
are  necessary  to  make  developments  in  such  regions  possible. 

My  other  recommendation  is  that  a  definite  number  of  barrds 
(in  some  fields  it  would  be  one)  be  exempted  from  all  royalty  payment  in 
order  that  the  life  of  the  well  may  be  continued.  This  seems  to  me  to  be 
extremely  simple  as  compared  to  many  sliding  arrangements  that  are 
in  widespread  use.  In  fact,  it  is  one  of  the  simplest  and  easiest  that  can 
be  devised,  and  gradually  lowers  the  royalty  rate  step  by  step  as  the 
well  declines.    It  is,  technically,  a  truly  "degressive"  rate. 

Mr.  McLaughlin  very  properly  contends  that  I  should  have  specified 

•  Received  Oct.  25,  1915. 
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the  time  in  the  history  of  the  well  at  which  the  cost  of  maintenance,  etc., 
is  determined.  That  time  is  when  the  weU  is  old  and  nearing  abandon- 
ment,  since  the  main  purpose  is  to  prolong  the  life  of  the  well.  The 
fact  that  maintenance  is  higher  per  well  earlier  need  not  concern  us. 

The  contention  that  late  maintenance  is  variable  is  unimportant  also, 
since  we  cannot  hope  entirely  to  prevent  imduly  expensive  wells  from 
being  abandoned  earlier.  The  amount  should  be  fixed  at  the  nearest 
even  number  of  barrels  above  the  cost  of  maintenance  and  "interest  on 
junk"  of  the  average  old  wells  in  that  district.  To  be  sure,  price  per 
barrel  changes,  but  when  it  is  higher,  costs  are  in  general  higher,  so  that 
it  is  in  some  degree  compensatory. 

In  regard  to  the  Osage  wells,  the  fact  that  at  times  some  wells  oper- 
ate at  less  than  capacity  need  not  interfere  in  any  way,  since  there  is  all 
the  more  reason  to  try  to  assist  in  keeping  small  wells  alive  during  such 
times  of  stress,  as  it  is  at  such  times  that  we  get  most  of  the  premature 
abandonments  of  wells  that  are  needed  later. 

I  see  no  difficulty  in  the  way  of  enforcement,  for  we  simply  subtract 
a  constant  number  from  the  pipe-line  nms  before  computing  the  royalty. 
The  well  need  not  be  seen. 

There  is  on  the  other  hand  an  administrative  feature  in  the  classifica- 
tion of  well  by  depth  (or  other  element  in  the  cost  of  receipts).  How- 
ever, the  depths  of  the  several  sands  are  so  well  known  that  in  very  few 
cases  would  the  operator  dare  to  return  a  false  statement,  even  should 
he  be  inclined  to  do  so. 

The  government  in  insisting  on  one-sixth  royalty  in  the  Osage, 
no  matter  how  small,  old,  or  deep  the  wells  on  a  property  are,  seriously 
offends  against  conservation.  It  should  be  urged  to  consent  to  a  re- 
duction of  royalty  in  the  leases  now  existing  when  their  wells  are  near 
abandonment,  and  to  avoid  this  unfortunate  situation  in  the  new  leases 
soon  to  be  bid  for  by  making  express  exemption  from  all  royalty  of  a 
barrel  a  day.  The  Indians  would  be  compensated  by  the  higher  bonuses 
that  would  be  bid. 
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Important  Topping  Plants  of  California 

Discussion  of  the  paper  of  Arthur  F.  L.  Bell,  presented  at  the  San  Francisco  mext- 
ing,  September,  1915,  and  printed  in  BuUetin  No.  105,  September,  1915.  pp 
1769  to  1799. 

William  A.  Williams,  San  Francisco,  Cal. — Is  the  Union  A.\'h 
plant  run  as  a  topping  plant  or  as  a  dehydrating  plant? 

A.  F.  L.  Bell,  San  Francisco,  Cal. — Both.  It  takes  off  an  averag? 
of  20  per  cent,  water  besides  topping  the  oil.  Part  of  the  crude  oil  L« 
run  through  an  electrical  separator  before  running  to  the  topping  plan*. 
but  the  entire  crude  averages  about  20  per  cent,  when  it  enters  the  top- 
ping plant. 

David  T.  Day,  Washington,  D.  C. — I  suppose  most  of  the  work  con- 
templated in  these  large  topping  plants  is  simply  to  deal  with  toppiBi: 
the  oils  with  only  a  small  percentage  of  water  in  them. 

A.  F.  L.  Bell. — Not  more  than  2  per  cent,  of  water  can  be  handled  ii 
ordinary  stills  without  causing  trouble.  At  our  Gaviota  refinery,  whert 
the  oil  runs  from  15  to  30  per  cent,  water,  we  carry  20  lb.  pressure  on  or 
stills  to  hold  the  framing  down,  we  can  do  that  with  small  stik 
with  large  ones  it  would  not  be  safe;  but  with  a  retort,  the  quantity  o: 
water  contained  in  the  oil  does  not  affect  its  working.  It  simply  meaL^ 
additional  fuel  to  evaporate  the  water. 

David  T.  Day. — In  your  judgment  is  it  the  proper  thing  to  de- 
hydrate and  top  the  oil  at  one  operation;  or  do  you  think  it  would  t*e 
better  to  dehydrate  with  the  electrical  appUances  first  and  then  top 
afterward? 

A.  F.  L.  Bell. — Where  the  water  in  the  crude  exceeded  22  per  cent. 
I  would  recommend  dehydrating  first  by  the  electrical,  or  some  other 
process  that  did  not  necessitate  evaporating  the  water. 

David  T.  DAY.-^Would  that  apply  to  oils  mixed  with  fresh  water 
as  well  as  oils  mixed  with  salt  water? 

A.  F.  L.  Bell. — Yes,  with  any  water.  The  cost  of  fuel  for  refining 
increases  in  proportion  to  the  quantity  of  water  in  the  oil.  The  water 
should  be  separated,  if  possible,  before  it  goes  to  the  stills;  but  with  les 
than  2  per  cent,  water  such  separation  would  not  pay. 
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The  Cost  of  Maintaining  Production  in  CaUfomia  Oil  Fields 

Discussion  of  the  paper  of  M.  E.  Lombardi,  presented  at  the  San  Francisco  meeting, 
September,  1915,  and  printed  in  BuOetin  No.  105,  September,  1015,  pp.  2109  to 
2114.  .  . 

C.  D.  Keen,  Shreveport,  La. — Did  Mr.  Lombardi  include  in  his 
figures  the  purchase  price  of  the  property? 

M.   E.   Lombardi,    Berkeley,  Cal. — No. 

C-  D.  Keen. — Suppose  I  pay  $1,000  per  acre  for  it,  and  in  four  or 
five  years  it  is  worked  out. 

M.  E.  Lombardi. — That  is  a  question  of  depreciation  and  must  be 
added  to  my  figures. 

Mark  L.  Requa,  San  Francisco,  Cal. — You  say  it  cost  $35,000  to 
$40,000  a  year  to  maintain  1,000-bbl.  per  day  production? 

M.  E.  Lombardi. — Yes,  1,000  bbl.  a  day  would  cost  $40,000  a  year 
to  maintain. 

M.  L.  Requa. — It  is  rather  a  coincidence  that  the  figures  in  my  mind 
for  some  time  check  almost  exactly  with  those  Mr.  Lombardi  has  arrived 
at,  after  examining  the  data  which  he  has  had  at  his  command.  I 
think  he  has  made  a  conservative  estimate.  It  is  peculiarly  opportune, 
as  the  average  CaUf  ornian  has  not  considered  what  it  costs  to  produce  oil 
in  this  State.  Interest  on  the  investment,  depreciation  and  amortization, 
and  such  matters  as  that  have  never  been  taken  into  consideration.  The 
popular  notion  is  that  it  cost  so  much  to  pump  oil  from  the  wells.  The 
indirect  costs  are  more  than  the  costs  of  operating  the  wells  and  pump- 
ing the  oil  out  of  the  ground,  and  that  is  the  reason  the  industry  is  de- 
pressed at  the  present  time.  Taking  the  industry  over  the  State, 
nobody  is  making  money,  and  that  Is  ^because  it  has  not  been  realized 
what  it  costs  to  produce  oil.  With  oil  selling  at  35c.  to  45c.  a  barrel, 
there  is  no  profit  for  the  producer. 

H.  M.  Bacon,  San  Francisco,  Cal. — I  checked  that  up  on  one  of  the 
leases  under  my  charge  running  over  a  period  of  three  years.  Upon 
completion  of  our  second  well  the  development  cost  of  oil  produced  was 
67J^c.  The  average  price  of  all  the  oil  sold  at  that  time  was  about 
573^c.  As  the  development  was  continued  and  more  wells  were  brought 
in,  these  figures  about  balanced,  but  with  oil  selling  at  the  price  obtaining 
today,  considering  operating  and  interest  charges,  the  investment  shows 
little. or  no  profit  to  date. 
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'' isobaths"  (fines  through  points  of  equal  depth)  to  show  altitudes. 
The  argument  in  the  upper  half  of  p.  1344  does  not  seem  clear  and  any 
possible  interpretation  of  the  words  seems  to  involve  fallacious  ideas. 

One  of  the  first  points  made  by  Mr.  Huntley  is  that  the  Dakota 
rests  unconformably  on  various  underlying  formations,  and  the  signifi- 
cance of  this  point  is  apparently  brought  out  at  the  top  of  p.  1346  where 
it  is  stated  that  the  ''unconformity  presumably  eliminates  the  lower 
formations  in  that  district  as  a  source  of  such  hydrocarbons.''     This 
point  ia  of  great  interest  because  some  investigators  believe  that  uncon- 
formities play  an  important  part  in  oil  and  gas  accumulations  by  check- 
ing the  rise  of  such  fluids  from  below,  though  the  fluids  may  be  found 
both  above  and  below  the  unconformity.    To  me  it  has  seemed  probable 
that  oil  and  gas  are  much  more  frequently  the  product  of  downward 
concentration  than  is  generally  supposed  and  with  regard  to  the  Dakota  in 
particular  I  am  inclined  to  believe  that  Mr.  Huntley  is  correct  in  his  in- 
ference that  oil  has  been  carried  downward  by  circulating  water  and  has 
accumulated  against  the  unconformity,  the  water  passing  on  and  the  oil 
remaining  behind  in  places  where  the  pores  or  other  openings  in  the 
rocks  are  large  and  the  structure  favorable.    If  this  idea  is  valid,  then 
in  a  sand  of  comparatively  uniform  porosity,  which  outcrops  all  about  its 
border  but  is  considerably  higher  along  one  side  than  the  other,  water 
should  flow  freely  from  the  higher  side  of  the  border  to  the  lower  and 
might  be  expected  to  wash  out  most  of  the  oil,  gas,  and  salt  water,  so 
that  the  sand  would  contain  and  yield  large  amounts  of  fresh  water 
compared  with  other  sands.    These  inferences  seem  to  be  applicable  to 
the  Dakota  sand  and  I  have  thought  of  it  as  one  which  might  have  been 
very  productive  of  oil  and  gas  had  not  circulation  been  so  free  and  uni- 
form throughout  its  extent,  the  reason  for  the  free  circulation  being  its 
uniform  porosity,  extensive  outcrop,  and  the  fact  that  one  edge  is  con- 
siderably lower  than  the  other. 

TKc  fact  that  the  sand  as  a  whole  has  a  basin  form  does  not  seem  to 
affect  the  results  materially,  because  the  basin  is  not  so  deep  but  that 
the  hydraulic  pressure  along  its  higher  or  western  edge  is  effective  in 
moving  the  fluids  throughout  practically  its  entire  extent.  If  the  basin 
were  deeper,  or  the  pores  on  the  whole  smaller,  the  effect  of  the  greater 
pressure  along  the  western  edge  might  be  to  cause  most  of  the  flow  to 
take  place  about  the  north  and  south  ends  of  the  basin  and  if  this  had 
occurred  the  salt  water,  oil,  and  gas  might  not  have  been  so  completely 
washed  out  of  the  central  parts  of  the  basin.  Again,  if  the  porosity  of 
the  rock  had  been  more  variable  it  would  seem  that  many  more  pools 
of  oil  and  gas  might  have  been  retained  in  parts  of  the  sand  where  the 
pores  were  larger,  particularly  where  sand  with  such  large  pores  occurred 
on  anticlines. 

If  the  source  of  the  oil  and  gas  had  been  below  the  Dakota  sand  the 
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results  due  to  porosity^  general  eastward  tilt,  and  extent  of  outcrop,  mi^: 
not  have  been  very  different,  but  under  the  hypothesis  that  oil  and  ga* 
pools  accumulate  on  anticlines  from  surrounding  '' gathering  ground* 
without  the  aid  of  circulation,  the  results  would  have  been  of  very  dif- 
ferent sort.  The  fact  that  far  more  carbonaceous  material  occurs  &bort 
the  sand  than  below,  and  that  probably  still  more  has  been  removed  bv 
erosion,  and  the  fact  that  apparently  no  unreasonable  assumptions  are 
involved  in  the  hypothesis  that  oil  and  gas  have  been  carried  downward 
into  the  sand,  have  inclined  me  to  believe  that  such  a  process  has  been 
operative,  and  that  had  it  not  been  for  the  free  and  extensive  circulaticc 
of  water  through  the  Dakota  sandstone,  the  rock  might  have  containei 
many  important  pools  of  oil  and  gas.  The  fact  is,  however,  as  Mr. 
Huntley  points  out,  that  the  sandstone  is  not  altogether  uniform  h 
porosity  but  only  comparatively  so  and  that  it  has  in  places  comparatiTdj 
steep  dips — spots  which  water  could  more  easily  flow  around  than  across— 
hence  there  are  places  in  the  formation  where  oil  and  gas  have  accumn- 
lated,  and  may  now  be  recovered. 

At  the  bottom  of  p.  1335  the  fresh  water  of  the  Dakota  throughout 
large  areas  is  attributed  to  lakes  and  musky  swamps  on  a  part  of  its 
western  outcrop,  ''drainage  conditions  having  kept  its  exposure  more 
or  less  satiu*ated  with  entering  surface  water  since  Cretaceous  time. ' 
I  think  the  Dakota  would  have  contained  fresh  water  if  there  had  beei: 
no  lakes  or  swamps  on  its  outcrop  and  I  know  of  no  reason  for  supposing 
that  the  lakes  and  swamps  referred  to  have  existed  for  more  than  a  very 
small  part  of  the  time  that  has  elapsed  since  the  Cretaceous  period.  Th« 
fresh  water  seems  more  reasonably  attributable  to  the  general  permeability 
of  the  sand  and  its  general  dip  eastward  to  an  extended  outcrop. 

Although  I  am  unable  to  follow  and  agree  with  all  of  the  arguments 
in  Mr.  Huntley's  paper,  the  conclusions  stated  in  the  summary,  partly 
for  reasons  not  set  forth  in  the  paper,  seem  in  all  probability  correct.  The 
fourth  conclusion  in  particular  is  worthy  of  emphasis  and  elaboration. 
If ,  as  I  have  long  been  inclined  to  believe,  the  source  of  most,  if  not  all. 
of  the  oil  of  the  region  is  above  the  Dakota,  the  oil  once  within  the  sand 
would  tend  to  rise  as  high  as  possible  in  it  and  no  matter  what  lateral 
movements  took  place  later,  there  would  be  little  chance  of  migration  into 
lower  sands  where  their  beveled  edges  touch  the  Dakota.  Another 
condition  favoring  the  same  result  is  the  finer-grained  character  of  the 
lower  sands.  On  the  other  hand,  if  the  prevalent  view  that  the  source 
of  the  oil  is  below  the  sand  is  correct,  then  pools  should  have  been  ac^ 
cumulated  along  the  route  of  the  upward  journey  of  the  oil  in  crevices 
and  bodies  of  open  sand  surrounded  with  material  having  smaller  pores. 
Once  the  oil  is  in  such  a  sand  as  the  Dakota,  it  would  seem  to  matter 
Uttle  whether  its  tendency  is  to  move  up  or  down  the  dip;  little  or  none 
should  leave  the  sand  for  a  lower  stratum  unless  a  considerable  body  of 
sand  became  completely  filled  with  oil. 
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The  Possible  Occurrence  of  Oil  and  Gas  Fields  in  Washington 

Discussion  of  the  paper  of  Charles  E.  Weaver,  presented  at  the  San  Francisco  meet- 
ing, September,  1915,  and  printed  in  BuUetin  No.  103,  July,  1915,  pp.  1419  to 
1427. 

MiLNOR  Robert,  Seattle,  Wash. — A  year  ago  at  this  time,  12  wells 
were  being  drilled  for  oil  in  western  Washington.  Some  excitement 
attended  the  operations;  many  thousand  acres  of  land  were  leased  to  oil 
companies  and  stock  was  widely  advertised.  The  location  of  the  wells 
may  be  described  by  referring  to  the  conclusions  in  Dr.  Weaver's  paper, 
in  which  the  State  is  divided  into  four  areas. 

In  the  area  described  first,  which  includes  the  Cascade  Mountains  and 
eastern  Washington,  where  conditions  are  decidedly  against  the  existence 
of  commercial  oil  fields,  no  new  driUing  was  reported.  Ip  the  second  area, 
the  Puget  Sound  Basin,  where  conditions  are  unfavorable,  but  to  a  less 
degree,  five  wells  were  being  driUed.  The  third  region,  covering  certain 
parts  of  southwestern  Washington,  contained  four  drilling  wells  and 
several  others  projected  or  beginning  operations,  in  spite  of  the  absence 
of  petroleum  seepages.  None  of  the  wells  mentioned  is  fully  active 
today. 

On  the  western  side  of  the  Olympic  Peninsula,  along  the  Pacific 
Ocean,  are  three  wells  which  have  been  the  scene  of  operations  for  the 
past  two  to  three  years.  The  region  they  are  prospecting  contains  seep- 
ages of  light  oils  and  is  the  fourth  area  described  in  the  paper.  The 
difficulties  of  transporting  both  men  and  supplies  to  the  well  sites  have 
delayed  operations  and  brought  the  costs  up  to  high  figures.  The  drilling 
of  these  three  wells  is  interesting  on  account  of  the  presence  of  oil  in  nearby 
seepages  and  its  occasional  appearances  in  the  material  penetrated. 

A.  C.  McLaughlin,  San  Francisco,  Cal. — The  most  important  part 
of  Washington  is  on  the  Ol3anpic  Peninsula.  The  geological  conditions 
on  the  Peninsula  are  not  similar  to  the  conditions  in  California,  and  it 
would  not  prove  to  be  a  continuous  belt  of  oil-bearing  territory  from  there 
to  here  if  oil  should  be  found  at  either  end. 

W.  N.  Best,  New  York,  N.  Y. — ^What  is  the  possibility  of  oil  around 
Centralia? 

MiLNOR  Roberts. — ^That  is  in  the  third  district,  where  the  Eocene 
and  Miocene  formations  are  present.  The  author  regards  that  as  neutral 
ground,  without  seepages,  and  with  no  indications  of  oil. 

DAvro  T.  Day,  Washington,  D.  C. — Is  the  geologic  structure  there 
consistent  with  considerable  accumulations  of  oil;  and,  secondly,  have  any 
bituminous  shales  been  found  in  the  Coast  region  of  the  State  of  Wash- 
ington? 
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MiLNOR  Roberts. — I  know  of  no  bituminous  shales  in  the  whole 
region  on  the  western  side  of  the  Olympics.  The  structure  is  conaidaublv 
folded  and  somewhat  faulted.  It  has  variations  in  hardness  and  fineness 
of  materials  which  might  permit  of  cappings  being  present  that  would 
hold  oil. 

It  would  be  impossible  to  say,  in  a  general  way,  at  what  depth  oil 
would  be  found,  or  at  what  depth  capping  would  occur.  The  folds  hare 
put  the  cappings  in  such  attitude  that  they  can  be  studied  very  wdL 
and  borings  would  go  to  varying  depths,  depending  on  the  local  topog- 
raphy. No  ideal  sites  have  been  found  for  drilling,  but  anticlines  are 
numerous.  The  covering  of  glacial  material  makes  prospecting  arduous 
and  rather  imsatisfactory,  since  it  hides  the  bedding. 

J.  B.  Tyrrell,  Toronto,  Ont.  (communication  to  the  Secretary*).— 
Professor  Weaver  has  discussed  the  possibility  of  the  discovery  of  oil  in 
different  parts  of  the  State  of  Washington.  The  occurrence  of  vast 
pools  of  oil  on  the  Pacific  slope  in  the  State  of  California  has  stirred  the 
imagination  of  many  of  those  Uving  farther  north,  and  during  recent 
years  some  exploratory  work  has  been  done  in  the  province  of  British 
Columbia  in  the  hope  of  finding  some  northern  continuation  or  rep- 
resentatives of  the  pools  which  have  yielded  so  much  oil  to  our  fortunate 
neighbors  on  the  south.  In  prosecuting  exploration  in  British  Ck>lumbia. 
some  investigations  have  been  conducted  throughout  the  country  near 
the  mouth  of  the  Fraser  River,  and  some  interesting  results  have  been 
brought  to  light  by  these  explorations. 

In  the  southwestern  corner  of  British  Columbia,  through  which  the 
Fraser  River  flows  westward  to  the  sea,  there  is  a  comparatively  flat- 
lying  area  bounded  on  the  north  by  granite  mountains  of  Jurassic  age, 
and  on  the  east  by  the  Sumas  and  Chilliwak  Mountaios,  composed  of 
somewhat  older  rocks.  To  the  south  this  area  extends  across  the 
International  Boundary  Line  into  the  State  of  Washington,  a  rather  high 
ridge  of  glacial  debris  extending  east  and  west  near  the  International 
Boundary  Line.  This  comparatively  small  triangular  area  of  about  700 
square  miles  in  Canada  is  underlain  by  Tertiary  sandstones  and  shales 
with  a  total  thickness  of  several  thousand  feet.  These  sandstones  and 
shales  do  not  appear  to  contain  any  fossil  remains  of  marine  animals, 
but  they  do  contain  trunks  and  fragments  of  trees  and  land  plants  which 
have  been  altered  to  lignite  or  low-grade  coal,  this  coal  occurring  at 
numerous  horizons  throughout  the  formation. 

The  mode  of  formation  of  these  Tertiary  beds  would  appear  to  have 
been  about  as  follows:  In  pre-Tertiary  times  a  great  submerged  valley 
extended  along  to  the  south  of  the  Jurassic  Mountains.  Into  the  head 
of  this  submerged  valley  or  bay  the  early  representatives  of  the  Fraser 


*  Received  Sept.  29,  1915. 
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River  and  other  streams  emptied,  carrying  down  into  it  loads  of  detritus 
worn  from  the  upper  portions  of  the  river  valleys,  and  this  detritus  was 
spread  over  the  floor  of  the  bay,  while  around  the  margin  of  the  bay 
grew  forests  whose  tress  fell  into  the  edge  of  the  water.  While  the 
streams  were  thus  discharging  their  loads  of  sediment,  the  land  was 
gradually  sinking  and  the  sediment  was  gradually  accumulating  to  a 
greater  and  greater  thickness.  The  trees  growing  on  the  shore  fell  in 
the  water  and  were  also  included  in  this  sediment,  and  finally  formed 
irregular  beds  of  Ugnite  of  greater  or  less  extent,  each  bed  marking  the 
position  of  an  old  shore  Une  of  the  time  when  its  vegetation  was  buried. 
Thus  the  bay  was  gradually  filled  up  with  beds  of  sand  and  gravel,  with 
included  seams  of  coal  or  lignite,  having  a  total  thickness  of  several 
thousand  feet. 

After  these  Tertiary  beds  were  deposited  there  was  a  rise  of  the 
land  of  1,000  ft.  or  more,  and  the  Fraser  River  cut  out  a  canyon  along 
the  foot  of  the  northern  mountains  to  a  depth  of  about  1,000  ft.,  and  at 
the  same  time  the  surface  of  the  adjoining  land  to  the  south  was  cut  into 
hills  and  valleys,  but  there  was  no  perceptible  warping  of  the  land  in  this 
district,  and  the  beds  retained  the  horizontal  attitude  in  which  they 
originally  had  been  deposited.  Subsequent  to  the  formation  of  the 
canyon  of  the  lower  Fraser  River,  the  land  was  again  depressed  to 
its  present  altitude,  and  the  old  canyon  of  the  Fraser  River  was  filled 
by  glacial  d6bris  brought  down  from  the  mountains  to  the  north  of  it. 

At  some  time  subsequent  to  the  deposition  of  the  Tertiary  sands 
and  clays,  which  are  known  as  the  Puget  group,  dikes  of  quartz-andesite 
were  intruded  through  them  near  their  northern  border.  These  dikes 
also  cut  the  beds  of  lignite,  and  subjected  them  to  a  process  of  distillation, 
giving  rise  to  a  dark  oil  which  is  still  occasionally  found  exuding  from  the 
sandstone  in  the  vicinity  of  the  city  of  Vancouver  and  in  the  country  to 
the  east  of  it.  It  is  not  likely  that  this  oil  has  any  commercial  signifi- 
cance or  value,  but  its  mode  of  occurrence  as  a  distillate  of  lignite  through 
the  influence  of  hot  dikes,  is  of  interest. 
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The  Occurrences  of  Petroleum  in  ^stem  Mexico  as  Contrasted  «i& 

Those  in  Texas  and  Louisiana 

Discussion  of  the  paper  of  E.  T.  Dumble,  presented  at  the  San  Franciaco  meetiis. 
September,  1915,  and  printed  in  BvUetin  No.  104,  August,  1915,  pp.  1623  :< 
1638. 

E.  L.  DeGolybr,  Norman,  Okla.  (communication  to  the  See- 
retary*). — Referring  to  Mr.  Dumble's  description  of  the  stratigraphy  of 
eastern  Mexico,  I  should  like  to  question  the  classification  of  the  Pa[^- 
gallos  or  Mendez  shales  as  being  of  Cretaceous  age  and  the  so-called 
overlapping  of  the  Papagallos  or  Mendez  shales  by  the  Alazan  shales; 
the  classification  of  the  San  Felipe  series  as  Cretaceous,  and  the  corr^ 
lation  of  the  San  Felipe  series  with  the  San  Juan  limestones. 

Mr.  Dumble  apparently  recognizes  the  continuity  of  the  great  shale 
formation  by  his  use  of  the  terms  "PapagaUos"  and  "Mendez,"  as 
equivalent  and  interchangeable,  since  the  Papagallos  Hills  in  the  State 
of  Nuevo  Leon  and  Mendez  Station  in  Northern  Vera  Cruz,  localities 
at  which  the  shale  formation  outcrops,  and  from  which  the  formati(» 
names  are  taken,  are  approximately  250  miles  apart  and  on  opposite  sida 
of  the  Tamaulipas  barrier.  The  Papagallos  shales  (evidently  referring 
here  to  the  northern  extension  only)  are  said  to  be  non-fossiliferous  and 
no  reason  for  their  Cretaceous  classification  is  given,  though  in  a  previous 
article^  they  are  classified  as  Cretaceous  because  at  their  northernmost 
outcrop  they  "have  the  same  relation  toward  the  overlying  Tertiair 
that  the  Escondido  (Cretaceous)  has  through  its  whole  extent." 

The  Alazan  fossil  locality  was  found  by  me  and  the  first  collections 
from  it  were  sent  to  Dr.  Dall;  about  17  species  of  marine  invertebrate^ 
were  recognized  by  him,  the  fauna  noted  as  having  a  distinct  Pacific 
tincture,  and  the  age  of  the  formation  from  which  they  came  pronounced 
lower  Eocene.  The  outcrop  of  the  shale  formation  has  been  traced 
continuously  from  this  point  by  me  and  my  assistants  into  the  Panuco 
River  region  where  Eocene  fossils  are  reported  at  a  depth  of  1,810  ft 
in  ^  well  at  Topila.'  From  Topila  the  formation  has  been  traced  con- 
tinuously north  to  the  PadiDa-Jiminez  region  in  Central  Tamaulipas. 
Lithologically,  the  formation  is  fairly  constant  and  though  I  am  odIt 
generally  acquainted  with  it  north  of  the  Padilla-Jiminez  region,  until 
definite  evidence  of  the  Cretaceous  age  of  the  Papagallos  shale  in  its  type 
localities,  or  of  an  overlap,  is  available,  it  seems  to  me  more  logical  to 
consider  the  shale  formation  a  single  stratigraphic  unit  of  Eocene  age. 


•  Received  Oct.  18,  1915. 
.  ^  Science,  New  Series,  vol.  xxxiii,  No.  841,  pp.  232  to  234  (Feb.  10,  1911). 
«E.  T.  Dumble:  Science,  New  Series,  vol.  xxxv,  No.  910,  pp.  906  to  908  {July 
1912). 
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Such  fossil  evidence  as  is  known  to  me  regarding  the  age  of  the  San 
Felipe  series  is  meager  and  not  very  exact.  Fossils  from  a  depth  of  3^150 
ft.  in  Tamijuin  well  No.  3  were  examined  by  Messrs.  Hopkins  and  Belt 
and  were  said  to  have  a  decided  Tertiary  aspect.  These  fossils  came  from 
the  San  Felipe  series  as  nearly  as  can  be  determined  from  the  well  log. 
Fossils  from  a  depth  of  2,900  ft.  in  Ganahl  well  No.  1,  at  the  junction 
of  the  Moctezuma  and  Tamuin  Rivers,  were  pronounced  to  be  of  Ter- 
tiary age  by  Dr.  Hart.  There  is  little  doubt  but  that  these  fossils  were 
from  the  San  Felipe.  On  these  classifications,  the  stratigraphic  position 
of  the  formation,  and  lack  of  contrary  evidence,  I  should  classify  the 
San  Felipe  as  being  of  lower  Eocene  age.  In  addition  to  this  evidence 
there  are  certain  lithologic  and  stratigraphic  features  which  have  a  bear- 
ing on  such  classification.  The  San  Felipe  series  lies  between  the  Cre- 
taceous limestones  and  the  known  Eocene  shales  in  northern  Vera  Cruz. 
It  resembles  a  transitional  series,  being  composed  of  alternating  impure 
limestones  and  shales,  often  sandy,  the  limestones  predominating  near 
the  base  of  the  formation  and  the  shales  increasing  toward  the  top  until 
the  formation  grades  so  gradually  into  the  overlying  Eocene  shales  that 
it  is  almost  impossible  to  determine  the  exact  contact  between  the  two 
formations  where  they  outcrop  and,  in  my  opinion,  quite  impossible  to 
determine  the  contact  accurately  from  a  well  log;  but  it  is  apparently 
separated  from  the  underlying  Cretaceous  limestone  by  an  unconformity. 
Basal  conglomerates,  containing  pebbles  of  Cretaceous  limestone,  in 
the  San  Felipe  have  been  reported  from  several  points  in  southern  Tamau- 
lipas  and  northern  Vera  Cruz  and  there  is  some  evidence  of  the  removal 
of  the  upper  part  of  the  Cretaceous  limestones  before  the  deposition  of 
the  San  Felipe  series  in  certain  localities. 

The  San  Felipe  series  apparently  overlaps  the  San  Juan  limestones 
in  southern  Tamaulipas  and  its  equivalent  in  north-central  Vera  Cruz, 
the  San  Juan  extending  perhaps  into  the  Panuco-Topila  region.  The 
San  Juan  is  absent  from  the  excellent  Boca  del  Abra  section  between 
Valles  and  Las  Palmas,  San  Luis  Potosi,  and  in  the  Potrero  del  Llano — 
Juan  Cassiana  region;  the  San  Felipe  series  rests  directly  upon  the  massive 
bedded  Tamasopo  limestone. 
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Metalltirgical  Practice  in  the  Witwatersrand  District,  South  Africa 

Discussion  of  the  paper  of  F.  L.  Bosqui,  presented  at  the  San  Francisco  meetini; 
September,  1915,  and  printed  in  Bulletin  No.  101,  May,  1915,  pp.  9%1  to  1033. 

Sidney  J.  Jennings,  New  York,  N.  Y. — I  notice  Mr.  Bosqui  m\« 
that  zinc  dust  can  be  used  profitably.  I  had  occasion  recently  to  try 
to  ship  some  zinc  dust  to  South  Africa,  owing  to  the  high  price  of  zinc 
in  the  last  six  or  eight  months  and  the  difficulty  in  getting  zinc  sheets. 
We  were  informed  that  the  steamship  companies  in  England  refused  to 
accept  zinc  dust  for  shipment  through  the  tropics  on  the  score  that  it 
was  an  explosive  mixture, 

C.  W.  Merrill,  San  Francisco,  Cal. — ^In  the  early  days  zinc  du^ 
was  packed  in  wooden  casks.  The  steamers  at  that  time  were  very  chan- 
of  transporting  it.  It  was  put  on  the  deck  in  the  wooden  casks,  and  if 
the  zinc  dust  got  wet  it  exploded.  Since  that  time  we  have  used 
hermetically  sealed  cases,  in  which  case  there  is  no  risk  whatever  in  its 
transportation.  This  rule  of  the  steamship  companies  is  perhaps  another 
sample  of  their  ultra-conservativeness. 

Hbnnen  Jennings,  Washington,  D.  C. — Unfortunately,  I  have  not 
yet  read  Mr,  Bosqui's  paper,  but  believing  it  might  interest  you  to  know 
something  of  the  beginning  of  the  cyanide  process  on  the  Rand,  I  will 
speak  briefly  as  to  my  own  knowledge  and  experience  of  the  early  initia- 
tion of  this  process  in  South  Africa. 

I  took  the  position  of  consulting  engineer  of  H.  Eckstein,  the  parent 
firm  of  H.  Eckstein  &  Co.,  and  a  branch  of  the  firm  of  Wernher,  Beit 
&  Co.,  at  Johannesburg,  in  December,  1889,  and  at  that  time  the  Robinson 
Co.  managed  by  them  was  the  premier  company  of  the  fields.  Up  to 
this  date  plate  amalgamation  and  catchment  of  a  small  percentage  of 
concentrates  by  blankets,  and  in  a  few  instances  Frue  vanners,  were  the 
main  goldnsaving  devices  used  and  had  obtained  an  extraction  of  only 
about  65  per  cent,  of  the  gold  contents  of  the  ore.  Also  at  that  time  the 
orebodies  were  seen  to  be  changing  from  oxidized  deposits  to  pyritic  at 
varying  depths  from  50  ft.  to  300  ft.  below  the  surface,  and  uneasiness  wa? 
felt  as  to  future  recovery.  The  deepest  exploitation  at  any  of  the  mines 
was  not  much  below  300  ft. 

Various  treatments  of  the  concentrates  had  been  attempted  by  tie 
Newbury,  Vaughton,  Pollock  &  Hungarian  process,  but  with  unsatis- 
factory results.  Naturally  I  turned  for  further  help  to  the  best  that  had 
been  done  in  this  country  in  connection  with  the  metallurgy  of  gold  and 
which,  at  that  time,  was  the  careful  concentration  by  vanners  and  treat- 
ment of  concentrates  by  the  Plattner  chlorination  process.  Mr.  Butters, 
at  his  works  at  Kenneth,  had  thoroughly  established  his  ability  and  repu- 
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tation  in  this  connection  and  he  was  selected  to  take  charge  of  the  erection 
of  a  chlorination  plant  at  the  Robinson  mine.  Mr.  Butters  arrived 
about  the  end  of  1890  and  started  at  once  on  the  erection  of  a  thoroughly 
up-to-date  chlorination  plant. 

In  the  meantime  the  MacArthur-Forrest  Cyanide  Process  syndicate 
representatives  had  given  public  demonstrations  of  their  process  at  the 
Salisbury  Co.'s  mill  in  June,  1890.  I  was  privileged  to  make  the  first 
test  of  this  process.  Mr.  MacArthur  and  Mr.  Forrest  were  employed 
by  a  firm  of  Scotch  capitalists  to  go  through  the  whole  literature  of  gold 
extraction  and  if  possible  to  obtain  a  practical  and  efiicient  commercial 
method  of  gold  extraction.  The  result  was  the  MacArthur-Forrest 
process,  one  of  the  few  instances  of  a  process  made  to  order.  Mr.  Mac- 
Arthur  in  no  way  attempted  to  disguise  the  fact  that  the  dissolving  of 
gold  by  cyanide  solution  and  its  precipitation  on  zinc  plates  was  known  to 
chemical  students.  His  claim  was  that  he  demonstrated  the  practi- 
cability of  using  very  dilute  solutions  and  their  precipitation  not  on  acres 
of  zinc  plates  but  on  compact  mattresses  of  zinc  shavings.  Mr.  Mac- 
Arthur  was  also  fully  aware  at  that  time  of  the  factor  of  fine  grinding  in 
obtaining  high  extraction. 

The  South  African  rights  of  the  process  were  in  the  hands  of  the  Gold 
Recovery  Syndicate  of  which  Cordner  James  was'  head.  Mr.  Mac- 
Arthur  and  Alfred  James  came  to  South  Africa  to  demonstrate  and  in- 
troduce it,  and  they  were  present  at  the  first  tests  made  at  the  Salisbury 
Co.'s  plant.  The  demonstration  plant  was  constructed  on  the  agitation 
principle  and  in  the  test  that  I  followed  through,  both  concentrates  and 
tailings  from  the  Robinson  mine  were  treated.  I  remained  two  days  and 
a  night  at  the  works.  We  obtained  actual  gold  buttons  which  showed 
about  all  that  was  claimed  for  the  extraction  and,  in  fact,  the  extrac- 
tions were  in  accord  with  the  best  subsequent  practice.  No  information 
regarding  costs  was  given,  although  I  afterward  learned  it  was  between 
20  and  30s.  per  ton. 

As  no  information  of  costs  was  given,  the  Robinson  Co.  was  unwilling 
to  construct  the  first  plant,  but  gave  a  Uberal  contract  on  a  sliding  scale 
for  the  syndicate  to  work  about  10,000  tons  of  accumulated  taiUngs,  the 
Robinson  Co.  reserving  the  right  to  take  over  the  plant  at  cost  price  and 
continue  the  working  on  a  royalty  basis,  with  a  clause  that  no  better 
terms  were  ever  to  be  given  other  workers.  The  syndicate  constructed 
the  first  working  plant  at  the  Robinson  mines.  At  this  plant,  designed 
by  Alfred  James,  agitators  were  given  up  and  a  system  installed 
of  working  with  square  tanks  and  gravity  percolation  which  contained 
all  the  vital  principles  of  the  great  modern  plants  that  have  been  improved 
and  developed  in  details  by  numerous  and  various  workers. 

The  syndicate  put  in  charge  of  the  Robinson  plant  George  Darling, 
who  was  retained  for  many  years  as  manager  of  the  Robinson  cyanide 
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works.  At  first  the  cost  was  as  high  as  ISs.  per  ton,  but  it  has  graduaDj 
been  reduced  to  below  2s.  In  the  meantime  Mr.  Butters  had  started 
the  chlorination  plant  at  the  Robinson  and  had  done  it  in  such  an  ex- 
cellent way  and  made  such  a  success  of  the  works  that  he  was  requested 
by  the  Robinson  Co.,  of  which  I  was  consulting  engineer,  to  design  and 
erect  a  new  and  additional  plant  for  cyaniding  at  the  Robinson,  in  coo- 
junction  with  the  old  one.  In  this  plant  he  made  use  of  round  tanks 
with  bottom  discharges,  instead  of  square.  The  diameter  of  the  tanks, 
due  to  my  caution,  was  kept  to  the  piaximum  of  metallurgical  practice, 
which,  at  that  time,  was  only  23  ft.  Large  cement  cyanide  tanks,  40  ft 
diameter,  were  first  made  use  of  at  the  Langlaagte  Estate  &  Gold  Min- 
ing Co.,  Ltd.  and  were  designed  by  J.  R.  Williams  who  afterward  became 
the  cyanide  manager  of  the  Crown  Reef  Gold  Mining  Co.  of  which  I  was 
also  consulting  engineer;  at  a  later  date  he  there  developed  the  first 
successful  treatment  of  slimes  on  a  large  scale  by  the  decantation  method. 

In  this  field  Mr.  Butters  and  Mr.  von  Gemet  were  also  eflfectiye 
workers. 

The  Nigel  Co.,  of  which  I  was  consulting  engineer,  was  the  first 
(in  1892)  to  deal  successfully  with  the  problem  of  pyritic  tailings.  The 
success  of  this  plant  was  largely  due  to  my  assistant,  Fearnside  Irving. 
The  direct  filling  of  cyanide  vats  was  first  tried  in  1893  under  my  direc- 
tion at  the  Salisbury  mill,  which  had  square  tanks,  but  the  advisability 
and  success  of  this  method  was  only  demonstrated  in  1893  and  1894  at  the 
New  Heriot  mine,  with  round  tanks,  at  which  W.  K.  Betty  was  cyanide 
manager  and  was  working  under  my  technical  direction. 

The  method  of  filling  the  vats  at  the  Salisbury  and  Heriot  was  by 
means  of  a  hydraulic  classifier  and  hose  distribution  in  connection  with 
slat  discharges.  Afterward  a  revolving  circular  distributing  sjrstem 
was  invented  by  Messrs.  Butters  and  Mein  and  installed  at  the  Robinson 
Co.  Mr.  Butters  severed  his  connection  with  the  Robinson  Co.  in  1892 
and  established  a  metallurgical  company  known  as  the  Rand  Central 
Ore  Reduction  Co.  He  did  most  excellent  work  in  connection  with  this 
corporation  and  among  other  things  gave  a  thorough  trial  to  the  Siemens- 
Halske  electrical  precipitation  process.  Mr.  Betty's  method  of  adding 
acetate  of  lead  in  the  cyanide  treatment  made  it  hard  for  the  Siemens- 
Halske  process  to  compete  with  the  zinc  process. 

It  is  needless  to  go  further  in  the  evolution  of  the  cyanide  process 
on  the  Rand,  but  without  it  few  of  the  mines,  which  are  now  produc- 
ing some  40  per  cent,  of  the  gold  of  the  world  and  employing  some 
200,000  workers,  would  be  in  operation. 

W.  A.  Caldbcott,  Johannesburg,  South  Africa. — The  responsible 
position  on  the  Rand  occupied  by  the  author  during  the  past  five  jeais, 
his  facilities  for  observation  and  experiment  under  working  oonditioos, 
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the  wealth  of  detailed  ore-treatment  data  at  his  disposal,  and  his  asso- 
ciation with  the  introduction  and  trial  of  Merrill  zinc-dust  precipitation, 
Butters  vacuum  filters  and  other  appliances,  entitle  his  opinions  to  close 
scrutiny  and  careful  consideration.  The  obligation  conferred,  however, 
upon  his  readers,  would  have  been  even  further  enhanced  if  the  expres- 
sion of  his  opinion  in  general  terms  had  been  more  amply  supplemented 
by  definite,  figures  upon  such  crucial  points  as  percentage  recovery  by 
amalgamation,  ore-treatment  costs  for  more  than  one  company,  assay 
values  of  residues,  etc. 

The  paper  covers  so  wide  a  field  that  detailed  criticism  of  all  the  points 
raised  would  occupy  much  space,  and  many  features  of  interest,  upon 
which  various  opinions  exist,  must  be  passed  over.  The  author  re- 
afiSrms  his  beUef  ^  in  the  general  economic  suitability  of  Rand  methods  to 
local  conditions;  possibly  the  ' 'exhilarating  atmosphere"  elsewhere  of 
numerous  innovations  is  more  congenial  to  the  temperament  of  enthu- 
siastic inventors  than  to  the  shareholders  in  the  mines  concerned.  In 
other  words,  Rand  practice  has  been  developed  in  accordance  with  the 
axiom  that  ''metallurgy  is  the  art  of  making  money  out  of  ores,"  and  the 
fiduciary  position  of  those  responsible  for  advising  upon  the  expenditure 
of  shareholders'  money  on  reduction  plants  necessitates  the  relegation  of 
other  considerations  to  a  secondary  position. 

The  classification  of  variations  in  current  ore  treatment  shown  on 
p.  1000  is  of  interest,  but  does  not  include  the  disposal  of  current 
sand  residue  as  a  pulp  down  bore  holes  for  mine  filling,  a  system  which  is 
extensively  and  increasingly  practiced;*  nor  is  there  any  reference  to  the 
collection  of  slime,  for  both  decantation  and  vacuum-filter  treatment, 
being  carried  out  in  ordinary  decantation  vats;  nor  to  the  slime  residue 
in  either  case  being  pumped  as  a  fluid  pulp  to  slime  residue  dams. 

The  proposed  scheme  (p.  1002)  for  dealing  with  the  9-mesh  ore  from 
the  breaking  station  is  an  interesting  variant  from  current  arrangements, 
and  virtually  constitutes  a  separate  circuit  for  classifying  out  the  solids 
and  returning  to  the  tronunels  the  water  in  this  product.  Some  increase 
in  capital  cost  and  attendance  will,  however,  be  involved  by  its  adoption, 
and  the  same  object  could  be  more  simply  attained  by  allowing  the  wash- 
ings to  enter  a  pulp  launder  in  the  tube-mill  circuit,  the  coarser  solids 
thus  added  being  compensated  for  by  running  some  stamps  with  finer 
screening  or  an  additional  tube  mill  during  such  time,  and  the  addi- 
tional water  being  dealt  with  by  adequate  safety  cones  following  the  tube- 
mill  cones. 

Doubtless,  owing  to  the  author's  personal  experience  of  Rand  methods 
only  dating  from  1910,  some  confusion  as  to  developments  prior  to  that 

» Mining  and  Scientific  Press,  vol.  108,  No.  18,  p.  736  (May  2,  1914). 
<  Journal  of  the  Ckemical,  Metallurgical  and  Mining  Society  of  South  Africa,  vol.  xiv, 
p.  119  (Sept.,  1913). 
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date  is  apparent  in  the  suggestion  on  p.  1006  that  the  introduction  of 
tube  mills  caused  the  development  of  heavy  stamps.'  On  the  previous 
page  the  reason  for  the  introduction  of  the  latter  is  correctly  stated  as 
involving  fewer  crushing  units  with  lower  initial  and  opiating  costs, 
whereas  the  function  of  tube  mills  to  secure  cheaply  any  desired  fineness 
of  the  crushed  ore,  and  the  coarse  stamp-mill  product  moet  suitable  for 
tube  miUing  can  be  as  readily  obtained  with  a  1,250-lb.  stamp  as  with  a 
2,000-lb.  stamp.  In  passing,  it  can  hardly  be  considered  now  (see  p. 
1013)  that  9-mesh  (0.272-in.  aperture)  is  the  economic  limit  of  screen 
mesh,  as  0.375-in.  and  0.5-in.  apertures  are  in  regular  and  satisfactory 
use  at  the  large  Robinson  Deep  mill  and  up  to  an  inch  aperture  has 
been  successfully  employed  elsewhere.*  The  reason  why  these  last 
screens  are  not  in  more  common  use  is  that  they  permit  a  comparatively 
small  increase  in  stamp  duty  above  a  ^-mesh  aperture,  and  are  liable 
to  cause  banking  in  existing  launders  of  limited  grade. 

The  statement  on  p.  1013  that  in  future  at  the  Modder  B  a  tube 
mill  will  deal  with  264  tons  per  day  of  9-mesh  product  mainly  from  ordi- 
nary stamps,  whereas  it  can  only  handle  203  tons  per  day  from  Nissen 
stamps,  indicates,  assuming  similar  final  pulp,  that  the  screen  pulp  in 
the  former  case  is  much  finer  than  in  the  latter,  thus  throwing  less  work 
upon  the  tube  mill.  Since  the  same  battery  screen  is  used  in  both  cases, 
this  illustrates  the  well-known  fact  that  the  stamp  duty  is  no  criterion 
of  the  work  done  in  the  mortar  box,  unless  accotmt  is  taken  of  the  grad- 
ing analysis  of  the  screen  pulp.  The  assumption  on  pp.  1006  and  1009 
that  1,650  lb.,  and  not  2,000  lb.,  is  the  economic  limit  of  ordinary  stamp 
weight  is  possibly  based  on  trouble  experienced  through  cam-shaft  break- 
ages when  the  latter  were  first  employed  with  too  high  a  number  of  drops 
per  minute,  but  the  fact  that  1,900-lb.  to  2,000-lb.  stamps  have  been 
installed  in  nearly  all  recent  mills  (ConsoUdated  Langlaagte,  Govern- 
ment Mining  Areas,  Van  Ryn  Deep,  Brakpan  Mines,  Roodepoort  United, 
Main  Reef  and  Modder  Deep)  shows  that  this  difficulty  has  been 
overcome. 

The  flow  sheet  of  a  proposed  mill  on  p.  lOOd  shows  a  double  row 


*  Compare  remarks  in  Presidential  Address  by  Prof.  G.  H.  Stanley  in  S^mth 
African  Journal  of  Science^  p.  46,  November,  1914,  as  follows:  "Tube  mills  were 
originally  installed  really  to  grind  'concentrates'  from  spitzlutten  to  improve  extrac- 
tion; this  so  shortened  time  of  treatment  that  separate  treatment  became  annecessary. 
Finer  grinding  was  then  adopted  for  all  the  ore;  this  led  to  coarsening  the  battery 
product,  this  in  turn  to  abandonment  of  front  plate  amalgamation  and  the  recognition 
of  the  stamp  battery  as  a  crushing  rather  than  an  amalgamating  appliance,  which 
at  one  time  was  considered  to  be  par  excellence.  Next,  in  the  effort  to  improve  the 
output,  the  weight  was  increased,  and  percentage  of  water  used  decreased  with  con- 
sequent lowering. of  pulp  elevating  charges." 

^H.  A.  White,  Transactions  of  the  Institution  of  Mining  and  MetaUurgy,  vd. 
xxii,  p.  185  (1912-1913). 
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of  stamps,  whicb  is  undesirable  with  heavy  coarse-crushing  stamps, 
both  on  account  of  the  relatively  limited  bin  capacity  with  high-stamp 
duties,  and  Ukewise  because  of  the  excessive  lowering  of  the  tube-mill 
cones  required  for  the  pulp  from  the  back  row  of  stamps.  This  loss  of 
fall,  involving  additional  pulp  re-elevation  cost,  is  accentuated  by  plac- 
ing the  cones  of  four  tube  mills  low  enough  to  receive  pulp  interchange- 
ably, whereas  three  constitute  an  ample  measure  of  interchangeability. 
As  the  diagram  shows,  the  tube-mill  cones  are  at  a  very  low  level,  and 
the  tube  mills,  plates,  and  return  pumps  consequently  require  a  con- 
siderable depth  of  excavation. 

In  reference  to  the  author's  discussion  of  variants  of  amalgamation 
methods,  the  essential  point  appears  to  be  missed,  viz.,  that  in  modern  mills 
the  crucial  factors  of  amalgamation  recovery  are  the  degree  of  Uberation 
of  the  gold  by  the  extent  to  which  crushing  is  carried,  and  the  efficiency 
of  the  pulp  classification.    The  area  of  plates  in  the  tube-mill  circuit  is 
quite  secondary  to  these  and  mainly  dependent  upon  the  volume  of  pulp 
amalgamated,  since  with  efficient  classifiers  gold  particles  of  appreciable 
size  merely  circulate  until  amalgamated.    The  flow  sheet  of  the  proposed 
plant  given  in  the  paper  shows  that  the  overflow  of  the  tube-mill  safety 
cones  joins  the  tube-mill  outflow.     With  an  imperfect  arrangement  of 
classifiers  this  may  be  necessary,  and  the  cost  of  a  considerable  re- 
elevation  of  many  thousand  tons  of  overflow  pulp  daily  in  a  large  mill 
may  be  a  warrantable  expenditure  in  order  to  amalgamate  gold  particles 
overflowing  the  safety  cones.     The  increased  volume  of  pulp  thus  passing 
over  amalgamated  plates  might  require  five  of  the  latter  per  tube  mill 
as  advocated  by  the  author,  but  when  the  tube-mill  outflow  only  is  amal- 
gamated, three  plates  per  tube  mill  have  proven  ample  in  practice  under 
varying  conditions  on  different  mines,  and  at  the  Robinson  Deep  during 
1914  with  the  design  illustrated  by  Diagram  C  on  p.  1018,  the  amal- 
gamation recovery  has  amounted  to  65.23  per  cent,  of  the  original  gold 
contents  of  the  ore,  the  sand  residue  averaging  0.315  dwt.  per  ton  in 
value  without  ever  showing  any  trace  of  free  gold.     It  naay  be  added 
that  during  1914  this  plant  treated  576,370  tons  of  ore  with  a  total 
residue  of  0.252  dwt.  per  ton,  equivalent  to  a  recovery  from  all  sources 
of  96.32  per  cent.,  the  slime  original  being  1.802  dwt.  per  ton  and  its 
residue  after  decantation  treatment  without  air-lift  agitation  being 
0.181  dwt.  per  ton.    The  appearance  of  free  gold  in  the  sand  residue  at 
the  Modder  B  may  be  due  to  various  causes,  but  so  far  as  classification 
is  concerned  one  small  safety  cone  between  two  tube-mill  cones  is  liable 
to  considerable  overloading  with  pulp  if  its  feeding  cones  are  overloaded, 
and  the  installation  of  return  cones  shown  on  p.  1022  for  receiving 
tube-mill  return  pulp  does  not  appear  to  be  provided  with  safety  cones, 
so  that  irregular  distribution  at  this  point  is  Ukewise  liable  to  result 
in  oversize  particles  or  amalgam  overflowing.    On  the  other  hand,  the 
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simple  classification  system  shown  in  C  (p.  1018),  whereby  tube- 
mill  and  safety  cones  only  are  required  and  a  minimmn  cost  of  pulp 
elevation  is  involved,  permits  of  irregular  or  fluctuating  distribution  <d 
pulp  to  the  former  to  be  corrected  by  safety  cones  of  ample  siae  receiv- 
ing the  total  overflow  of  the  tube-mill  cones  from  a  common  launder. 

In  emphasizing  the  utility  of  Schmitt  tube-mill  feeders,  the  author 
expresses  the  common  opinion  of  users  but  does  not  refer  to  the  ad- 
vantages of  pebble  bins  with  automatic  pebble  feeders  actuated  by  tht 
tube  mill.  He  likewise  confirms  the  advantages  of  the  scoop  discharge 
for  tube  mills  as  recently  described  in  detail  by  W.  R.  Dowling*  and 
refers  to  the  desirable  location  of  tube  mills  below  stamps  as  illustrated 
by  the  same  metallurgist  over  four  years  ago*  in  the  form  shown  in 
Diagram  C. 

As  the  scheme  for  a  proposed  new  reduction  works  illustrated  in 
Fig.  7  is  not  in  actual  operation,  comment  thereon  can  only  be  based  on 
past  experience  of  the  various  devices  shown  and  on  their  relation  to  each 
other;  it  is  to  be  regretted  that  the  author  had  not  the  opportunity  of 
demonstrating  by  actual  results  the  advantages  or  otherwise  of  hU 
proposed  plant  as  compared  with  existing  practice. 

The  undesirability  of  a  double  row  of  heavy  stamps  and  the  excessive 
volume  of  pulp  to  be  amalgamated  and  reelevated  has  already  been 
referred  to,  as  well  as  the  absence  of  safety  cones  following  the  return 
cones.  The  elevated  position  of  these  last  further  involves  much 
coarse  pulp  being  raised  to  them  merely  to  gravitate  down  to  the  tube- 
mill  cones,  instead  of  being  elevated  only  to  the  height  of  the  latter, 
according  to  the  method  shown  in  Fig.  C  on  p.  1018. 

The  Dorr  thickener  shown,  while  a  useful  device  when  crushing  with 
cyanide  solution  for  removing  surplus  solution  from  slime  pulp  prior  to 
air-lift  agitation  or  vacuiun  filtration,  is  not  adapted  to  efiPect  as  com- 
plete a  separation  of  water  from  settled  slime  as  the  ordinary  intermittent 
settlement  and  decantation.  The  author's  assumption  that  the  latter 
yields  a  settled  slime  containing  50  per  cent,  of  moisture  with  banket  ore 
slime,  which  is  a  very  good  result  for  a  continuous  thickener,  is  apparently 
based  on  data  from  obsolete  and  inadequate  plants,  since  in  a  modem 
slime  plant  40  per  cent,  of  moisture  in  settled  slime  is  by  no  means  the 
highest  degree  of  settlement  obtained  under  ordinary  working  con- 
ditions. This  difference  of  moisture  content  is  of  great  importance, 
because  with  a  50  per  cent,  settlement  half  as  much  water  again  is  added 
to  the  working  solution  as  with  a  40  per  cent,  settlement,  and  in  con- 
sequence the  same  additional  amount  of  dilute  working  solution  has 
to  be  regularly  discharged  with  its  gold,  cyanide,  and  lime  contents. 

»  Journal  of  Chemical  MetaUurgical  and  Mining  Society  of  South  Africa,  voL  xv, 
p.  214  (March,  1916). 

*  Journal  of  Chemical  MetaUurgical  and  Mining  Soci^y  of  South  Africa,  voL  xi, 
p.  421  (March,  1911). 
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As  regards  the  vacuum  filter,  the  author  places  the  extraction  by 
this  process  at  93  per  cent.  This  is  appreciably  higher  than  by  Re- 
cantation, but  is  obtained  at  an  extra  cost  of  2)^d.  to  4d.  per  ton.  Com- 
paring this  with  the  Robinson  Deep  figures  quoted  by  the  writer  earlier, 
which  show  an  extraction  by  decantation  slime  treatment  of  practically 
90  per  cent.,  it  will  be  seen  that  the  difference  of  3  per  cent.,  equal  to  2.7  d. 
on  1 .802  dwt.  slime,  is  slightly  less  than  the  average  extra  cost  of  filtration. 
Hence  the  author's  dictum  that  vacuum  filtration  should  be  adopted  in 
all  new  plants  may  be  received  with  some  qualification,  and  as  being 
specially  applicable  to  rich  slime  where  a  small  additional  percentage 
recovery  on  the  value  is  profitable. 

The  uiference  on  p.  1024  that  thorough  separation  of  sand  and 
slime  by  classification  is  due  to  the  influence  of  vacuum  filtration  is 
hardly  warranted  by  present  or  recent  practice,  since  the  achievement 
of  such  separation  has  been  in  vogue  prior  to  1910,'  on  plants  where 
decantation  practice  obtained  and  is  still  practiced.  In  fact,  at  the 
present  time  the  most  advanced  practice  is  to  confine  the  product  sepa- 
rated as  slime  to  colloid  particles  so  far  as  possible,  since  fine  granular 
particles  of  silica  or  p3rrite  yield  a  very  good  extraction  when  included  in 
the  sand  charges  without  interfering  with  leaching,  whereas  their  presence 
in  slime  charges  delays  dissolution  of  its  gold  contents,  raises  the  value  of 
slime  solution,  and  increases  wear  on  slime  sludge  pumps. 

Fig.  7  does  not  indicate  the  disposal  of  the  water  drainage  from  the 
sand  vat  when  filled,  but  the  proposed  treatment  in  this  vat  of  the  sand 
collected  from  a  water-borne  pulp  is  a  revival  with  cleaner  sand  of  Rand 
practice  of  15  or  20  years  ago.^  As  the  author  states  on  p.  1025,  it 
was  formerly  customary  to  apply  weak  cyanide  solution  in  the  sand 
collectots,  but  he  omits  to  give  the  reason  for  the  abandonment  of  this 
practice,  which  was  the  contamination  of  the  null  service  water  with 
cyanide  and  consequent  dissolving  and  loss  of  gold  contained  in  the  ore 
crushed.  The  seriousness  of  this  loss  may  be  gauged  not  only  from  the 
above  fact,  but  from  published  references,*  of  which  possibly  the  most 
notable  are  the  following,  Transactions  of  the  InstitiUion  of  Mining  and 
Metallurgy,  vol.  xiii,  pp.  77  to  84,  Nov.  19,  1903,  by  Charles  Butters 
and  Hennen  Jennings.    Charles  Butters  said: 

No  cyanide  solutioa  is  ever  run  into  the  collecting  tank  (i.e.,when  equipped 
with  a  Blaisdell  excavator)  as  its  contents,  after  having  been  filled  from  the  battery, 
are  allowed  to  drain,  and  are  then  transferred  by  means  of  the  excavator  direct  to  the 


^Journal  of  Chemical  Metailurgical  and  Mining  Society  of  SotUh  Africa,  vol.  x, 
p.  51  (August,  1909). 

*  F.  C.  Pengilly,  Tranaactiona  of  the  InatittUion  of  Mining  and  Metallurgy,  vol.  vi, 
p.  113  (Jan.  19,  1898). 

*  A.  von  Garnet,  Journal  Chemical  Metallurgical  and  Mining  Society  of  South  Africa, 
vol.  ii,  p.  529  (January,  1899);  and  H.  T.  Pitt,  vol.  v,  p.  84  (September,  1904). 
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leaching  tank.  Therefore  no  loss  of  gold  can  take  place  from  cyanide  solution  haviBg 
been  introduced  into  the  collecting  tank,  as  is  the  case  when  the  collecting  task  k 
filled  directly  from  the  battery,  and  gets  its  preliminary  treatment  of  cyanide  aohitioQ 
in  the  same  tank.  I  have  yet  failed  to  find  a  reservoir  on  the  Rand  that  did  not  have 
gold  in  solution  from  this  cause.  This  gold  in  the  reservoir  varies  in  value  with  the 
season — ^being  higher  at  the  end  of  a  dry  season  than  at  the  commencement  q£  it, 
because  during  the  dry  seaaon  the  reservoirs  never  overflow,  but  become  concentrated 
from  evaporation  in  the  warm  atmosphere. 

At  Virginia  City  we  found  as  much  as  50  per  cent,  of  gold  dissolved  out  of  the 
charge,  by  filling  into  a  collecting  tank  in  which  the  charge  before  had  recseived  s 
preliminary  cyanide  treatment,  and,  strange  to  say,  this  loss  continued  for  over  tvo 
weeks  after  we  had  discontinued  the  use  of  cyanide  in  the  filling  of  the  vat,  sxtd  this, 
notwithstanding  that  we  had  washed  it  out  as  clean  as  we  could.  While  we  could 
obtain  no  trace  of  cyanide  at  any  time,  still  the  loss  went  on,  until  after  two  very 
anxious  weeks  it  gradually  stopped.  This  occurred  on  two  different  occasions.  At 
first  I  attributed  it  to  an  excessive  amount  of  ferric  salts  in  solution,  acting  possihiy  as 
a  solvent  for  gold;  but  we  found  out  later  that  it  was  from  the  traces  of  cyanide  that 
could  not  possibly  be  detected  by  any  chemical  test. 

Mr.  Hennen  Jennings  and  myself  had  both  made  a  series  of  determinations  at 
Johannesburg  as  to  the  gold  in  the  battery  water  from  this  source,  and  with  similar 
results — gold  was  invariably  found.  It  is  not  easy  to  state  the  exact  loss  from  this 
source,  but  that  it  is  a  source  of  loss  which  should  be  eliminated  I  think  all  engineers 
and  metallurgists  will  agree. 

Hennen  Jennings  said: 

The  remark  of  Mr.  Butters  as  to  gold  being  found  in  the  battery  water  was 
correct.  He  regretted  that  he  had  no  detailed  figures  with  him.  Some  very  extensiTe 
tests  had  been  made  at  mines  with  which  he  had  been  connected,  and  it  had  been  found 
that  even  in  large  storage  reservoirs  the  water  held  a  slight  amount  of  gold  in  solution. 
It  varied  from  a  trace  up  to  sometimes  as  high  as  1  dwt.,  but  that  was  very  ex- 
ceptional. 

That  a  good  extraction  from  clean  sand  can  be  obtained  by  cyanide 
treatment  of  sand  in  the  vat  in  which  it  is  deposited  from  a  solution- 
borhe  pulp  is  evident  from  the  results  with  this  method  which  is  in 
present  operation  on  the  Rand  at  several  mines.  ^"  This  fact,  howeve", 
does  not  dispose  of  the  point  that  actual  recovery  of  the  gold  and  not 
merely  extraction  from  the  ore  is  the  true  objective,  and  the  author  does 
not  disclose  how  he  proposes  to  overcome  the  contamination  of  mill 
service  water  circuit  and  the  consequent  loss  of  gold,  resulting  from  al- 
ternately introducing  into  the  same  vat  and  saturating  the  filter  cloth 
with  water  and  cyanide  solution.  Roughly,  the  consumption  of  water  in 
a  Rand  reduction  plant  is  half  a  fluid  ton  per  ton  of  ore  milled,  and  this 
loss  mainly  occurs  as  moisture  in  sand  and  slime  residues.  In  addition, 
however,  water  is  consumed  by  mine-filling  with  sand  residue  pulp,  by 
the  periodical  discharge  of  slime  residue  with  mill  service  water,  by  lia- 

^^  Transactions  of  the  Institution  of  Mining  and  Metallurgy,  vol.  xxii»  p.  182 
(1912-1913),  (which  shows  a  sand  residue  of  0.233  dwt.  per  ton  by  single  treatment 
in  the  collecting  vat). 
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bility  to  seepage  and  overflows  at  some  point  in  its  circuit,  and  by  incidental 
use  for  many  minor  purposes;  in  general,  long  experience  has  emphasized 
the  desirability  of  maintaining  the  mill  service  water  as  free  from  gold 
as  possible,  as  stated  by  the  authorities  quoted  above,  if  mysterious 
shortages  of  gold  called  for  are  to  be  avoided.  The  maintenance  of  free 
protective  alkali  in  the  form  of  calcium  hydrate  in  mill  service  water  on 
the  Rand  prevents  the  rapid  decomposition  of  traces  of  cyanide  by  acid 
iron  salts  in  the  ore,  and  since  sodium  cyanide  is  capable  of  dissolving 
about  twice  its  weight  of  gold,  the  presence  of  only  0.0001  per  cent. 
of  sodium  cyanide  in  mill  service  water  may  be  equivalent  to  over  a 
pennyweight  of  dissolved  gold  per  ton  of  water. 

A.  J.  Clark,  Lead,  S.  D. — One  point  I  think  ought  to  be  made  is 
this:  That  the  establishment  of  the  decantation  process  creates  a  large 
volume  of  low-strength  solution  which  is  successfully  precipitated  by 
zinc  shavings,  where  zinc  dust  has  made  only  a  qualified  success.  I 
think  this  point  needs  emphasis,  that  zinc  shavings  would  not  precipitate 
these  solutions  for  any  length  of  time.  New  shavings  are  used  for  a  very 
few  days  and  then  the  shavings  are  transferred  to  the  box  in  which  the 
original  solutions  of  the  sand  plant  are  treated.  The  process  in  Africa 
thus  conforms  to  the  requirements  of  zinc-shavings  precipitation,  but 
the  zinc-dust  process  has  to  stand  by  itself  in  each  instance.  The  zinc  dust 
cannot  be  used  again.  It  is  not  possible  to  take  it  from  the  press  and 
use  it  in  a  stronger  solution  successfully.  At  least  I  have  never  found 
it  so. 

C.  W.  Merrill,  San  Francisco,  Cal. — That  is  an  interesting  point.  It 
shows  how  the  process  is  developed  according  to  local  conditions.  In 
Africa  they  have  a  mild  climate  and  cheap  labor,  but  up  at  the  Home- 
stake  we  have  a  very  severe  climate  and  expensive  labor.  We  developed 
methods  whereby  we  were  able  to  handle  larger  bulks  of  pulp  and  still  not 
exceed  the  cost  factor.  Local  conditions  will  to  a  certain  extent  determine 
the  trend  of  the  process. 

G.  H.  Stanley,  Johannesburg,  South  Africa  (communication  to  the 
Secretary*). — It  might  be  well  to  emphasize  the  great  improvement  which 
modern  results  in  cyaniding  show  in  comparison  with  early  practice  as 
deduced,  for  instance,  from  examination  of  old  dumps. 

In  several  cases  the  interiors  of  these  have  been  laid  open  to  examina- 
tion as  a  result  of  sand-filling  operations  by  hydraulicking,  etc.,  and 
assays  have  shown  the  presence  of  thousands  of  tons  assaying  as  much  as 
3  dwt.  per  ton  gold  in  the  older  and  bottom  portions,  while  even  the  newer 
portions,  though  still  made  prior  to  tube-milling  days,  give  assays  fre- 


•  Received'Sept.  2,  1915. 
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quently  approaching  1  dwt.  and  in  some  cases  considerably  in  excess  of 
that  figure. 

One  dump  of  about  1,500,000  tons  averaged  1.2  dwt.,  another  of 
over  1,000,000  tons  averaged  1.65  dwt.,  and  these  values  have  probably 
been  reduced  from  the  original  by  years  of  atmospheric  leaching  in  the 
presence  of  thiocyanate  in  the  acid  dump.  This  high  value  was  un- 
doubtedly due  in  great  measure  to  the  coarseness  of  crushing  which  ob- 
tained, grading  tests  showing  the  presence  of  35  to  45  p>er  cent.  +  60 
sand  particles,  but  at  the  same  time  a  large  proportion  of  slime  is  present, 
often  in  distinct  layers,  which  prevented  proper  treatment  of  the  sand 
and  itself  received  practically  no  treatment  on  account  of  impermeability. 
Slime  washed  from  the  sand  and  assayed  showed  values  generally  about 
twice  as  high  as  the  average  of  the  dump.  The  washing  was  consequently 
very  imperfect  as  is  evidenced  by  the  frequent  presence  of  patches  of 
Prussian  blue  color. 

These  points  are,  of  course,  remedied  in  modern  practice  by.  fine  grind- 
ing to  practically  all  through  60  mesh  and  by  better  classification,  so  that 
at  present  a  good  sand  residue  may  assay  only  0.25  dwt.  Of  course,  the 
original  value  of  the  sand  treated  was  formerly  much  higher  than  obtains 
at  present  and  the  extraction  percentage  was  apparently  fairly  satisfactory, 
but  that  the  high  residue  value  was  not  due  simply  to  the  high  original 
value  is  shown  by  the  fact  that  a  residue  value  which  would  be  considered 
extremely  good  in  current  practice  can  be  obtained  by  regrinding  and 
retreatment  of  this  old  residue.  The  retreatment  of  these  old  residues 
is,  however,  in  most  cases  precluded  by  their  l)eing  covered  up  by  later 
low-grade  residues;  by  their  great  acidity,  necessitating  the  use  of  ex- 
cessive amounts  of  lime;  and  other  causes. 

Sand  dumps  are  regarded  as  a  necessary  evil,  and  give  rise  to  much 
discomfort  by  the  dissemination  of  dust  in  windy  weather.  Various 
means  have  been  tried  for  preventing  this,  the  most  successful-depending 
upon  binding  the  particles  together  by  spraying  the  outer  surface  of  the 
dump  with  black  veil  mud  or  ore  slime  and  salt  mixed  with  wat-er,  both 
these  methods  being  now  in  eflfective  use  on  one  or  two  favored  properties. 

There  was  obviously  in  the  early  da3rB  every  incentive  to  treat  with  the 
sand  as  large  a  proportion  of  slime  as  possible,  otherwise  it  received  no 
treatment  at  all.  Consequently  the  introduction  of  the  decantation 
process  by  Mr.  Williams  constituted  a  great  advance  indeed.  Before 
making  my  first  personal  acquaintance  with  the  method  (in  1905)  I  was 
well  aware  of  the  theoretical  imperfections  of  the  method  and  had  busied 
myself  with  the  development  of  a  suction  filter.  It  did  not  require  a  very 
long  while  of  actual  contact  though  to  convince  me  that  my  suction- 
filter  idea  (on  much  the  same  lines  as  the  present  Moore  or  Butters  but 
at  that  time  unsupported  by  experience)  had  little  chance  of  adoption  in 
place  of  the  very  cheap  and  effective  operation  of  the  decantation  plants. 
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The  margin  for  improvement  in  saving  was  apparently  so  small;  and, 
Although  in  the  few  years  following  much  experience  was  gained  elsewhere, 
only  a  very  confident  technical  adviser  and  very  strong  financial  interests 
could  afford  to  take  the  respective  risks  involved.  I  am  very  glad  that 
'the  introduction  of  suction  filters  has  been  so  well  justified. 

Nevertheless  there  seems  to  be  no  prospect  of  the  whole  of  the  ore 
being  treated  as  one  product;  local  feeling  can  be  summed  up  in  the  state- 
ment that  while  we  know  slime  cannot  be  treated  like  sand,  we  hold  that 
sand  is  best  treated  as  sand  and  not  as  slime. 

As  with  suction  filtration,  so  with  precipitation,  and  I  am  in  complete 
agreement  with  Mr.  Bosqui  in  his  opinion  that  this  is  the  department  in 
which  the  most  notable  advances  can  and  will  be  made.  The  present 
method  has  always  appeared  to  me  to  be  the  weakest  part  of  the  whole 
sequence  of  operations  and  I  am  confident  that  if  the  same  amount  and 
quality  of  attention  had  been  devoted  to  electrical  precipitation  as  to 
zinc  precipitation,  a  better  method  would  have  been  evolved.  Of  the 
two,  the  zinc  method  appears  more  understandable  to  the  practical  worker 
deficient  in  scientific  training  and  the  variable  factors  in  its  operation 
are  more  or  less  within  his  ken,  so  that  he  can  easily  experimentally  vary 
the  conditions  and  ascertain  those  most  suitable,  while  in  the  electrolytic 
method  expert  scientific  knowledge  and  appreciation  of  the  effects  of 
varying  factors  are  much  more  urgently  required. 

Experimental  work  in  this  direction  has  been  carried  out  by  graduate 
students  in  my  laboratory  and  I  understand  that  their  work  is  being 
extended  on  one  of  the  mines.     I  am  certainly  hopeful  of  the  results. 

Breaking  and  Sorting. — Sorting  and  breaking  are  commonly  done  at 
the  shaft  head  in  the  "crusher  station,"  and  the  broken  ore  is  then  trans- 
ported to  the  mill,  either  in  hopper-bottom  cars,  often  of  full  railroad 
size,  drawn  by  steam  or  electric  locomotives  running  over  the  battery 
bins,  or  alternatively  convejdng  and  elevating  belts  are  used. 

The  non-crystallization  of  design  into  some  standard  method  is 
partly  explained  by  the  difference  in  the  amounts  of  waste  sorted  out 
at  different  mines,  which  in  turn  depends  considerably  upon  the  variation 
in  thickness  and  dip  of  the  reefs.  This  variation  affects  the  relative 
amounts  of  rock  broken  by  machines  or  hammer  boys  and  hence  the. 
amount  of  waste  mined. 

Undoubtedly  the  use  of  circular  sorting  tables  in  buildings  with  several 
superposed  floors  gives  rise  to  crowding  in  a  breaker  station;  while  with 
belts  the  building  is  spread  out  over  much  more  ground  space,  there  is 
more  room  available,  and  better  lighting  is  possible,  which  is  in  favor  of 
the  employment  of  belts. 

I  must  confess  to  a  feeUng  of  preference  for  jaw  breakers  as  opposed 
to  gyratory  crushers,  mainly  on  the  ground  of  greater  ease  in  clearing 
after  a  choke  or  sudden  stoppage,  and  of  renewal,  replacement,  or  repair. 


2448      METALLURGICAL  PRACTICE   IN  THE  WITWATBRSRAND   DISTRICT 

Mr.  Bosqui  does  not  give  the  size  to  which  the  ore  is  broken  for  st^mp 
milling,  and  although  about  2  in.  is  aimed  at,  the  feed  in  most  cases  b 
actually  nearer  4  in.  Jaw  breakers  for  this  size  are  satisfactory  and  the 
larger  size  is  apparently  of  no  moment  with  modem  heavy  stamps. 

Stamp  MUling. — Here  the  Rand  has  little  to  reproach  itself  with  oo 
the  score  of  conservatism.  The  figures  given  relative  to  the  supeior 
performance  of  Nissen  stamps  appear  to  be  conclusive. 

Amalgamation. — Mr.  Bosqui  appears  to  cavil  at  the  extreme  to  whicli 
reduction  in  the  number  of  tube-mill  plates  has  been  carried  on  the  Gold- 
fields  group.  This  of  course  is  accompanied  by  efficient  classification  so 
that  such  portion  of  the  pulp  as  is  bypassed  to  the  cyanide  plant  will 
only  carry  a  little  free  gold  and  that  in  a  finely  divided  state;  so  that  in 
the  first  place  it  would  only  be  amalgamated  with  difficulty  on  account  oi 
its  slow  settlement  and  in  the  second  it  is  easily  soluble  in  cyanide. 

It  is  commonly  stated  that  gold  amalgamated  represents  100  per 
cent,  extraction,  while  if  it  gets  to  the  cyanide  plant  only  90  per  cent, 
can  be  recovered,  and  this  is  one  of  the  half-truths  so  difficult  to  contro- 
vert. The  residue  from  cyaniding  contains  gold  partly  undissolved 
(because  incased,  etc.)  and  partly  as  dissolved  gold  which  has  not  been 
washed  out,  the  former  being  much  the  more  important  in  amount. 
The  finely  divided  free  gold  referred  to,  which  presumably  might  have 
been  amalgamated,  will  presumably  also  be  completely  dissolved  in 
cyanide  and  nearly  all,  not  90  per  cent,  only,  removed  and  recovered; 
the  value  in  the  residue  is  mainly  due,  as  stated,  to  incased  gold  which 
could  not  have  been  amalgamated  either.  There  is,  of  course,  no  need 
to  point  this  out  to  the  author,  but  it  may  not  be  obvious  to  some  of  his 
readers. 

Practically  all  the  free  gold  which  would  be  able  to  settle  in  the  stream 
of  pulp  passing  over  the  plates  and  so  become  amalgamated,  settles  in 
the  classifier  and  therefore  gets  on  to  the  plate,  as  is  shown  by  the  v&y 
small  difference  in  recovery  when  bypassing  and  using  few  plates,  or 
when  using  the  alternative  practice,  in  each  case  under  good 
conditions. 

In  connection  with  the  trials  at  Modder  B,  we  are  not  told  whether 
any  pulp  was  bypassed  and  I  suggest  that  the  appearance  of  free  gold  in 
the  residue  indicated  merely  overcrowding  of  the  plates  with  pulp  and 
that  a  cure  might  have  been  found  in  bypassing  some,  or  more,  of  the 
pulp — the  carefully  classified  finer  or  lighter  portion,  of  course — ^and 
should  like  to  know  whether  this  was  tried.  This  view  obtains  support, 
I  think,  from  the  fact  that  overcrowding  of  the  full  30  plates  also  led  to 
the  appearance  of  fine  gold  in  the  residue. 

Tube  Milling. — Mr.  Bosqui  on  p.  20  refers  to  the  broken  quartz 
necessary  to  maintain  the  pebble  load.  I  merely  mention  this  as  it 
might  give  a  wrong  impression — ^it  should,  of  coursci  read,  ore  or  banket 
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With  regard  to  peripheral  discharge,  similar  experiments  to  those 
instanced  at  the  City  Deep  have  been  in  progress  elsewhere  and  the 
results  are  given  by  Mr.  Dowling.  *  As  a  result  the  wide  adoption  of  scoop 
discharges  seems  to  be  foreshadowed,  but  will  necessitate  the  provision 
of  increased  power.  Mr.  White  has  also  put  on  record  before  the  same 
Society  results  of  experimental  work  with  a  short  section  of  a  tube  mill 
of  variable  diameter,  which  I  had  the  pleasure  of  superintending. 

In  the  case  of  the  tube  mill  with  ball  mill  end  described,  it  would 
&$eem  that  the  fact  that  partitioning  off  the  end  of  the  mill  in  that  manner 
entails  no  decrease  in  efficiency  constitutes  an  argument  in  favor  of  the 
view  that  the  length  of  mills  might  be  lessened.  The  few  balls  would 
have  Uttle  action  on  the  already  fine  pulp,  certainly  much  less  than  the 
usual  charge  of  pebbles;  their  action  would  be  practically  confined  to  the 
small  pebbles  to  be  crushed. 

Claasification. — The  author's  conception  of  the  mode  of  action  of 
a  diaphragm  classif3ring  cone  appears  to  l>e  quite  exceptional  and  I 
hesitate  to  accept  it.  I  should  like  to  ask  whether  he  has  any  evidence 
that  the  outer  portion  of  the  settled  sand  is  crowded  upward?  The 
central  portion  is  certainly  coarser  and  therefore  heavier  so  far  as  the  ' 
weight  of  individual  particles  is  concerned;  but  I  have  often  noticed  that 
the  outer  and  finer  portion  appears  to  be  much  richer  in  pyrite  and 
consequently  the  specific  gravity  may  be  even  higher  than  in  the  center. 
Unfortunately,  I  have  no  figures  available.  My  impression  of  the  mode 
of  action  is  that  the  concave  shape  of  the  top  surface  is  determined  by 
the  fact  that  the  disturbance  at  the  central  feed  is  too  great  to  allow  any 
but  the  very  coarsest  pieces  to  settle;  as  the  pulp  flows  out  toward  the 
periphery  the  velocity  decreases  so  that  more  and  more  sand  of  suc- 
cessively finer  grade  settles  out,  the  feed  being  so  regulated  that  only 
particles  sufficiently  fine  reach  and  are  carried  over  the  edge,  but  that 
all  the  settled  sand  is  slowly  settling  toward  the  outlet.-  The  coarse 
center  tends  to  move  faster  than  the  sides  and  this  would  lead  to 
"break-aways"  if  it  were  not  checked  by  the  diaphragm' which  serves 
both  to  take  pressure  off  the  outlet  and  to  mix  the  sand  in  passing  by  its 
edge. 

The  separation  of  sand  and  slime  is  more  difficult  than  the  prepara- 
tion of  tube-mill  feed,  as  the  particles  are  more  nearly  equal  in  size. 
Where  the  same  kind  of  cones  are  used,  the  underflow  (sand)  is  consid- 
erably contaminated  with  slime,  and  is  diluted  with  wash-water  and 
reclassified,  using  in  each  case  a  thick  underflow;  or  else,  as  the  author 
describes,  a  separate  clean  water  service  is  fed  to  the  bottom  of  the 
cone,  inside,  which  prevents  slime  issuing  with  the  underflow  sand — 


^  Journal  of  the  Chemicalf  Metallurgical  and  Mining  Society  of  South  Africa^  vol. 
xi,  p.  414  (March,  1911). 


2450      MBTALLURGICAL  PRACTICE  IN  THE  WITWATBRSRAND   DISTRICT 

washes  it,  in  fact — ^but  then  uses  a  thin  discharge;  in  either  case  the 
final  sand  contains  very  httle  slime,  and  it  therefore  becomes  possible 
to  add  the  required  lime  in  the  battery  as  the  difficulty  of  premature 
slime  settlement  in  sand  is  thus  obviated. 

Treatment  of  Sand. — ^There  must  be  few  plants  operating  as  de- 
scribed under  method  1.  It  is  usual,  where  hose  filling  is  used,  to 
pass  the  mill  pulp  through  spitzkasten  or  spitzlutten,  and  convey  the 
spitz  underflow,  still  containing  much  slime,  to  the  collectors  through 
hose.  It  might  be  mentioned,  too,  that  at  some  plants  a  considerable 
proportion  of  the  residue  is  disposed  of  by  sending  it  immediately  under- 
ground for  stope  filling. 

In  connection  with  the  filter-table  method  of  sand  collection,  the 
sand  is  ploughed  off  into  cyanide  solution  and  then  pumped  t«  collect- 
ing vats  via  Butters'  distributors;  it  is  consequently  agitated  and  col- 
lected in  cyanide  solution.  Dissolution  of  the  gold  is  thereby  facilitated, 
and  treatment  time  decreased,  necessitating  less  plant  and  consequently 
economizing  capital.  In  this  connection  it  may  be  mentioned  that  for 
a  given  daily  capacity  the  cost  of  a  reduction  plant  is  now  only  about 
*  one-third  of  that  before  the  war. 

Slime  Treatment, — I  have  already  referred  to  the  decantation  method 
and  would  only  add  now  that  the  chief  trouble  met  with  is  unsatisf actorr 
settlement,  particularly  in  cold  weather,  and  on  one  or  two  plants  this 
has  been  overcome  by  Mr.  Salkinson's  method  of  warming  the  pulp 
by  the  utilization  of  waste  steam  from  the  hoisting  or  mill  engine,  this 
incidentally  increasing  the  capacity  by  as  much  as  20  per  cent.  Un- 
fortunately the  general  use  of  purchased  electric  power  makes  this  im- 
possible on  new  plants. 

With  regard  to  air  agitation  it  should  be  pointed  out  that  the  use 
of  the  usual  tall,  narrow  Brown  tanks  is  not  universal.  Alternatives  are 
the  employment  of  tanks  about  30  by  30  ft.,  in  which  the  central  air  lift 
does  not  extend  to  the  top,  and  which  it  is  claimed  use  therefore  less 
power;  and  in  some  very  large  vats  there  are  several  comparatively 
narrow  air-lift  tubes,  with  tangential  discharge,  so  as  to  set  up  a  swirling 
motion  of  the  whole  pulp  in  the  vat,  and  prevent  too  rapid  settlement. 

In  connection  with  the  Usher  process  it  was  understood  that  the  vat 
acted  as  a  huge  classifier,  so  that  the  charge  was  not  homogeneous  and 
correct  sampling  became  almost  impossible. 

Smelting, — From  either  method  the  slags  still  carry  several  ounces  of 
gold  per  ton,  even  after  crushing  and  panning,  and  even  on  plants 
where  "pot"  smelting  is  employed  a  pan  furnace  is  often  installed  for 
smelting  these  slags  with  lead,  in  order  to  recover  this  gold;  at  the 
same  time  any  other  gold-bearing  byproduct  about  the  plant  may  be 
similarly  dealt  with  for  the  extraction  of  its  gold. 

Even  after  this,  the  slags  obtained  may  receive  a  further  treatment 
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by  smelting  in  a  blast  furnace,  two  or  three  plants  having  their  own,  but 
more  usually  selling  it  to  a  byproduct  works. 

There  were  formerly  several  of  such  works,  operated  by  independent 
people,  but  a  cooperative  byproduct  treatment  works  has  also  been 
established  by  the  gold-mining  companies,  to  which  those  companies 
which  do  not  possess  their  own  facilities  dispose  of  the  byproducts, 
which  are  there  treated  as  at  the  larger  mines. 

In  conclusion,  while  there  is  uniformity  in  the  main  outlines  of  prac- 
tice, it  will  be  evident  that  many  variations  in  detail  exist  among  the  50 
producing  mines. 

This  is  not  due  entirely  to  the  idiosyncrasies  of  controlling  officials, 
for  the  ore  itself,  and  other  circumstances,  vary  somewhat  from  mine 
to  mine,  apart  from  variations  in  value.  In  some  places  it  is  harder  than 
in  others;  again,  the  nature  of  the  country  rock  exercises  an  influence, 
sericitic  schist,  for  example,  adversely  affecting  amalgamation,  and.  in 
some  cases  a  small  proportion  of  other  metallic  minerals  occurs  in  the  ore, 
and  doubtless  has  some  influence;  I  have,  for  instance,  found  traces  of 
telluride  in  some  cases. 

It  will  be  seen  that  no  concentration,  either  "clean"  by  tables  for 
subsequent  chlorination,  or  simply  rough  for  separating  part  of  the  pulp 
for  longer  cyanide  treatment,  is  now  employed,  and,  in  consequence, 
chlorination  has  been  completely  discontinued. 

There  is,  however,  a  small  proportion  of  very  clean  and  rich  pyrite 
collected  chiefly  with  amalgam,  after  separation  from  amalgam  and 
grinding  finely  in  small  tube  mills,  etc.,  which  is  treated  simply  by 
agitating  by  air  in  a  special  small  cyanide  agitating  plant — as  first  sug- 
gested by  A.  F.  Crosse — and  a  large  percentage  of  the  gold  is  thus  ex- 
tracted and  dealt  with  as  usual,  the  residue  commonly  going  to  the  main 
cyanide  plant. 

This  pyrite  contains  appreciable  amounts  of  osmiridium,  which  may 
possibly  be  turned  to  account  in  the  future. 

W.  R.  DowLiNG,  Germiston,  South  Africa  (communication  to  the 
Secretary*). — Under  "Classification"  on  p.  1017  the  author  is  somewhat 
in  error  in  describing  the  earlier  clistssification  methods.  The  inverted 
pyramidal  spitzkasten  were  used  merely  to  remove  some  of  the  water  in 
the  tailing  pulp,  although  incidentally  some  slime  was  also  carried  over, 
and  the  underflow  being  reduced  in  volume  was  more  easily  handled  in  the 
sand  collector  vats  where  the  main  separation  of  sand  from  slime  took 
place. 

On  pp.  1019  and  1023  the  author  refers  to  the  use  of  the  vacuum 
sand  filter  table  as  being  a  method  for  obtaining  clean  sand.    Obviously 

♦  Received  Oct.  7,  1916. 
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this  cannot  be  the  case,  as  the  filter  table  merely  dewaters  the  clean  sand 
previously  obtained  by  cone  classification.    The  sand  being  thus  freed 
from  water  is  then  ready  for  cyanide  treatment,  without  fear  of  compli- 
cations arising  through  the  introduction  of  cyanide  solution  into  the 
mill  water.    The  author  when  discussing  the  separation  of  sand  from  slime 
somewhat  confuses  the  question  by  introducing  the  classification  of  pulp 
for  tube  nulling  into  the  same  paragraph.    When  analyzed,  the  state- 
ment in  question  appears  to  mean  that  the  separation  of  sand  from  slin^ 
was  to  be  effected  in  large  cones  in  the  same  way  as  with  those  already  in 
use  with  sand  filter  tables,  except  for  the  use  of  water  at  the  apex  of  ib 
cones  in  the  former  case.    For  its  proper  treatment,  sand  should  in  anv 
case  be  free  from  slime,  to  the  extent  at  least  that  layers  and  lumps  dc 
not  exist,  but  the  author  is  in  error  in  holding  that  ''an  imperfect  know.- 
edge  of  classification,  or  a  failure  to  recognize  its  importance,  made  tkk 
scheme  (i.e.,  the  treatment  of  sand  in  the  collecting  vat)  impracticaUe. ' 
That  the  classification  in  the  light  of  later  knowledge  was  imperfect  is 
true,  but  an  equally  important  cause  for  the  abandonment  of  s&nd 
treatment  in  the  same  vat  as  collected  was  the  fact   that  gold  in 
solution  was  lost.    Quite  apart  from  any  accidents  due  to  solution  bdcg 
pumped  on  to  a  vat  with  leaching  pipe  or  overflow  doors  open  to  water 
storage  vats,  or  similar  accidents  by  which  gold-bearing  cyanide  solution 
entered  the  mill  water,  there  were  the  diflBiculties  of  removing  the  gold- 
bearing  cyanide  moisture  from  the  inch  or  so  of  sand  usually  left  in 
the  filter  bottom  when  a  vat  is  emptied  of  sand.    The  cocoanut  matting 
and  jute  forming  the  filtering  medium  were  similarly  saturated,  while  tk 
bottoms  of  steel  vats  are  irregular  and  a  series  of  solution  pools  formed. 
It  was  only  when  regular  and  systematic  samplings  and  assa3rs  of  mil 
water  were  made  that  these  losses  of  gold  were  appreciated.     I  weC 
remember  my  attempts,  in  1899,  to  remove  gold-bearing  cyanide  solutioi 
from  the  filter  bottoms  of  collector  vats  by  repeated  small  water  washes. 
Although  the  washing  reduced  the  loss  appreciably,  the  extra  labor  and 
expense  were  considerable.     It  was  impossible  to  absorb  these  washioi: 
into  the  plant  as  the  moisture  of  discharged  residue  was  the  same  S5 
collected  sand,  so  the  liquid  after  precipitation  was  rim  to  waste  witii 
consequent  loss  of  water.    This  solution,  by  the  way,  was  rendered  acid 
before  precipitation  on  iron  or  zinc,  and  the  gold  recovered  in  a  precipi- 
tation plant  set  aside  for  the  purpose.    The  mill  service  water,  on  the 
plant  referred  to,  as  in  most  earlier  and  some  existing  plants,  was  stored 
in  earthen  dams,  and  the  loss  by  seepage  of  gold-bearing  water  must  have 
been  considerable.    Although  various  precautions  may  be  taken  against 
the  loss  of  mill  water,  such  as  the  use  only  of  vats  for  storage,  and  against 
the  introduction  of  gold-bearing  cyanide  solution  into  the  circuit  water, 
these  only  minimize  the  evil  and  the  fact  still  remains  that  the  milling 
will  be  done  in  a  dilute  cyanide  solution.    The  question  then  naturally 
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arises  as  to  what  is  the  real  objection  to  milling  in  cyanide  solution. 
I  have  searched  in  vain  for  a  pronouncement  by  the  author  on  this  matter, 
where  he  is  treating  an  ore  yielding  so  high  a  proportion  of  its  gold  con- 
tents by  amalgamation  and  which  gold,  as  he  rightly  points  out  on  p. 
1010,  is  only  commercially  recoverable  on  plates. 

The  real  objection  to  milling  in  cyanide  solution  on  the  Witwatesrand 
is  that  since  the  ore  yields  so  high  a  recovery  by  amalgamation,  indi- 
cating relative  coarseness,  the  treatment  of  the  ore  by  cyanide  only  would 
naturally  be  prolonged,  expensive  and  imperfect.  Should  amalgamation 
be  carried  out  nevertheless,  complications  due  to  corrosion  of  copper 
plates  and  dissolution  of  mercury  arise.  Both  of  these  metals  are  sub- 
sequently precipitated  on  the  zinc  in  the  extractor  boxes  and  nssult  in  base 
bullion,  due  to  copper.  JBHirthermore,  crushing  in  cyanide  solution 
renders  it  impossible  to  obtain  accurate  screen  samples  by  reason  of  the 
presence  of  dissolved  gold;  and  the  cyanide  goes  on  dissolving  gold  from  the 
sample  itself.  It  is  an  interesting  fact  that  although  a  few  mines  did  con- 
struct plants  to  mill  in  cyanide  solution,  one  of  the  plants  reverted  to 
ivater,  and  no  responsible  engineer  or  metallurgist  has  since  been  bold 
enough  to  advise  his  principals  to  adopt  this  method. 


Notes  on  Homestake  Metallurgy 

Discussion  of  the  paper  of  Allan  J.  Clabk  presented  at  the  San  Francisco  meeting, 
September  1915,  and  printed  in  BtUletin  No.  103,  July,  1905,  pp.  1381  to  1398. 

G.  H.  Clevengbr,  Palo  Alto,  Gal. — Since  the  precipitation  of  ex- 
tremely dilute  solutions  as  regards  cyanide  presents  one  of  the  greatest 
problems  of  zinc-dust  precipitation,  I  should  like  to  ask  Mr.  Glark  the 
minimum  concentration  in  cyanide  of  the  solution  from  which  it  is  pos- 
sible to  precipitate  satisfactorily  the  gold  with  zinc  dust  in  Homestake 
practice. 

A.  J.  Glark. — For  a  day's  work  about  0.015  per  cent.  That  is  pre- 
cipitating a  very  low-grade  solution,  very  low  in  alkalinity.  It  requires 
probably  0.2  lb.  of  zinc  dust  to  the  ton. 

John  A.  Fulton,  Melones,  Gal. — ^At  the  Melones  mine,  we  have  been 
working  very  low-grade  rock  for  a  number  of  years,  the  process  being 
amalgamation  and  concentration  up  to  the  last  year.  The  value  of  the 
ore  increased  so  that  we  had  to  supplement  the  concentration  with  a  sand 
and  slime  plant.  Glassification  was  a  problem,  since  to  install  classifiers 
would  mean  tearing  the  mill  all  to  pieces.  We  are  therefore  making 
use  of  a  Wilfiey  table  for  this  purpose.  The  aii^ount  of  wash  water  is 
increased  and  a  stream  of  fresh  water  is  also  run  into  the  feed  box  at  the 
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end  away  from  the  intake;  this  gives  a  clear  line  of  demarcation  b^wee& 
the  sand  and  the  slime,  enabling  us  to  draw  off  sand  at  one  end  of  thfe 
table  and  slime  «at  the  other. 


A  Rule  Governing  Cupellation  Losses 

Discussion  of  the  paper  of  W.  J.  Shabwood,  presented  at  the  San  Francisoo  meetiziti 
September,  1915,  and  printed  in  ByUelin  No.  104,  August,  1915,  pp.  1671  to  1673 

Frederic  P.  Dewey,  Washington,  D.  C.  (communication  to  the 
Secretary*). — Even  if  the  data  given  should  be  considered  sufficient 
to  support  properly  the  empirical  rule  as  stated,  this  rule  would  be  of 
extremely  limited  application  in  miscellaneous  assaying.  The  fixed 
conditions  must  include  equality  of  gold  and  silver  where  mixed  beads 
are  concerned,  owing  to  the  wide  variation  in  the  specific  gravity  of  gold 
and  silver.  Also,  the  fixed  conditions  must  include  the  presence  of  the 
same  amounts  of  other  base  metals  besides  lead.  Such  an  agreement  k 
often  lacking  even  in  the  beads  from  two  fusions  of  the  same  ore.  In 
practical  work  it  is  sufficiently  general  to  be  called  universal  that  cupella- 
tion beads  are  not  pure  precious  metal.  An  apparent  loss  in  cupellation 
is  an  algebraic  sum  and  in  many  cupellations  the  gains  exceed  the  leases, 
especially  with  large  beads  where  the  gains  he  so  completely  in  the 
judgment  of  the  cupeller. 

For  several  years  I  have  been  engaged  in  an  investigation  int«  the 
conditions  affecting  the  accuracy  of  gold-bullion  assaying,  and  have  jiist 
completed  an  examination  of  cupels  which  included  the  assaying  of  10,000 
used  cupels.  The  grand  result  of  the  cupel  work  is  an  emphatic  warning 
against  drawing  rigid  conclusions  regarding  cupellation.  It  is  so  easy 
to  say  "If  all  other  conditions  remain  the  same,''  but  it  is  extremely 
difficult,  and  in  practical  work  impossible,  to  maintain  equal  conditions. 
Cupel  absorptions,  which  constitute  such  a  large  proportion  of  cupdla- 
tion  losses,  and  in  many  cases  the  only  loss,  may  vary  considerably  in 
different  parts  of  the  same  row  of  cupels,  even  in  carefully  regulated  wort 

♦  Received  Sept.  1,  1916. 
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Recovery  of  Mercury  from  Amalgamation  Tailing,  Buflfalo   Mines, 

Cobalt 

Discussion  of  the  paper  of  E.  B.  Thobnhill,  presented  at  the  San  Francisco  meeting, 
September,  1915,  and  printed  in  BtdUtin  No.  104,  August,  1915,  pp.  1653  to  1670. 

D.  B.  Huntley,  Oakland,  Cal. — About  15  years  ago  it  chanced  to  be 
my  lot  to  cyanide  some  mill  tailings,  assa3dng  about  $5  per  ton  in  gold 
and  a  few  cents  in  silver.  It  was  in  southern  Idaho,  a  desert  region 
where  costs  are  nearly  as  large  as  in  central  Nevada.  We  knew  that  we 
had  a  lot  of  tailings  that  had  been  amalgamated  and  contained  about 
1  lb.  of  quicksilver  per  ton.  We  knew  that  we  would  dissolve  some  of 
the  quicksilver  when  we  cyanided  them  with  say  0.25  per  cent,  cyanide 
solution.  We  figured  (optimistically)  that  the  cyanide  would  dissolve 
all  of  the  quicksilver,  and  we  thought  to  capture  all  of  that,  1  lb.  per  ton; 
and  we  figured  out  profits  as  partly  gold,  partly  silver,  and  partly 
quicksilver  from  the  recovery  in  working  those  tailings.  Actually,  how- 
ever, we  did  this:  We  had  a  battery  of  three  large,  old-fashioned  silver- 
mill  retorts.  We  retorted  our  zinc-dust  precipitate,  recovering  about 
}4:  lb.  of  quicksilver  per  ton  treated.  That  was  only  a  loss  of  75  per  cent, 
of  what  we  originally  had,  but  still  it  was  profitable  by  virtue  of  the 
conditions.  I  mention  it  partly  to  call  attention  to  the  crude  old 
way  of  doing  it,  and  partly  to  call  attention  to  how  chemical  methods 
for  recovering  quicksilver  have  developed  in  the  last  15  years. 

H.  G.  S.  Anderson,  San  Francisco,  Cal. — It  may  be  of  interest  to 
mention,  in  reference  to  what  the  previous  speaker  has  said  concerning 
his  experience  in  southern  Idaho,  that  we  tried  for  a  while  to  precipitate 
silver  from  solution  with  zinc  shavings,  but  we  had  five  compartments 
in  each  box;  after  30  min.  there  would  be  no  precipitation  in  the  first 
compartment  at  all;  the  mercury,  precipitating  before  the  silver,  would 
cover  the  shavings  in  the  second  compartment  in  about  %  hr.,  and  in 
from  3  to  4  hr.  there  would  be  no  precipitation  taking  place  in  the  entire 
precipitation  box.  Then  we  turned  to  zinc  dust,  and  zinc  dust  did 
not  give  us  as  clean  a  silver  bullion  as  aluminum  did,  so  finally,  although 
the  cost  was  a  little  higher,  aluminum  was  accepted  as  the  precipitant 
and  the  bullion  was  in  much  better  condition  and  easier  to  smelt  than  it 
was  either  in  the  case  of  zinc  shavings  or  of  zinc  dust. 
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Electric  Furnace  for  Gold  Refining  at  the  Alaska-TreadweU  Cyanide 

Plant 

I^iscussion  of  the  paper  of  W.  P.  Lass,  presented  at  the  San  Francisco  meetii^ 
September,  1915,  and  printed  in  BttUetin  No.  103,  July,  1915,  pp.  1443  to  1447. 

Robert  M.  Keenet,  Somersville,  Conn,  (commimication  to  the 
Secretary*). — There  is  not  only  a  possibility  of  improvement  in  present 
methods  of  treatment  of  the  byproducts  of  refining  in  the  cyanide  plant 
by  the  use  of  the  electric  furnace,  but  also  in  melting  and  refining  d 
gold  precipitate.  This  interesting  paper  by  Mr.  Lass  shows  an  electric 
furnace  in  successful  operation  in  a  large  plant  for  the  treatment  of  by- 
products. Electric  melting  of  cyanide  precipitate  is  a  cheai>er  form  of 
treatment  in  many  cdses  than  any  of  the  combustion  methods  now  used 
because  of  the  high  cost  of  oil,  coke  or  coal  in  many  camps,  while  on 
the  other  hand  electric  power  may  be  had  cheaply,  especially  in  a  plar?* 
where  there  is  possibility  of  development  of  high-head  hydro-electric 
plants  for  power  purposes.  Also,  if  the  oil-fired  tilting  furnace  is  used  for 
direct  melting  of  the  precipitate,  as  is  the  case  at  many  small  mills,  a 
great  saving  in  cost  is  made  by  the  use  of  the  electric  furnace  because  of 
the  high  crucible  cost  in  melting  with  the -tilting  furnace. 

A  study  of  this  paper  indicates  the  cost  of  the  operation  approxh 
mately.  Consider  all  the  fluxes  to  be  turned  in  as  byproducts  and  coke  at 
$18  per  ton. 

Cost  of  Electric  Smelting  of  Byproducts  at  the  Alaska-TrecLdweU 

Cost  per  Ton 

1,044  kw.-hr.  at  Ic $10.44 

Labor 5 .  25 

20.4  lb.  graphite  electrodes  at  18c 3. 77 

404  lb.  coke 0.36 

Total $19.82 

It  would  have  been  interesting  to  have  had  figures  on  the  gold  losses. 
Unless  there  is  a  higher  extraction  in  the  electric  furnace  which  would 
offset  the  cost  of  smelting,  it  is  probable  that  in  this  case  blast-furnace 
smelting  of  the  byproduct  material  is  the  cheaper  method. 

Recently  I  made  an  investigation  of  the  cost  of  melting  precipitate 
from  the  zinc-dust  presses  in  the  electric  furnace  as  compared  with  the 
cost  of  the  present  process  used  at  a  certain  mill,  melting  in  an  oil-fired 
tUting  furnace.  The  precipitate  is  now  dried  in  a  wood-fired  muffle 
furnace,  then  mixed  with  the  proper  fluxes  and  melted  to  bullion.    At 


*  Received  Aug.  24,  1915. 
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periods  the  ore  entering  the  mill  carries  considerable  copper  which  enters 
the  solution  and  comes  down  in  the  precipitate.  The  bullion  is  from  200 
to  600  fine  in  gold  and  silver,  of  which  about  half  is  silver.  The  mill  is 
25  miles  from  the  railroad  so  that  the  cost  of  fuel  oil  is  high,  25c.  per 
g&Uon,  and  the  cost  of  coal  and  coke  so  high  as  to  prohibit  their  use.  An 
abundance  of  wood  is  available  from  which  charcoal  could  be  made,  but 
tlie  cost  of  this  would  be  close  to  $20  per  ton.  Hydro-electric  power  was 
developed  in  the  district  at  a  cost  of  0.31c.  per  kilowatt-hour  and  the 
cost  of  any  more  power  developed  would  not  exceed  0.5c.  per  kilowatt- 
hour. 

During  a  period  when  there  was  considerable  copper  in  the  ore, 
probably  resulting  in  a  somewhat  higher  melting  cost  than  usual,  2,161 
lb.  of  dried  precipitate  was  melted,  producing  7,596.25  oz.  of  bullion. 
In  the  following  comparison  of  costs  it  is  assumed  that  the  precipitate 
is  dried  in  the  muffle  furnace  before  treatment  in  either  the  oil  furnace 
or  the  electric  furnace. 

Cost  of  Melting  Precipitate  in  the  Tilting  Oil  Furnace 

Per  Pound 
of  Precipitate 

691  lb.  borax  at  16c $103.65  $0,048 

178  lb.  soda  at  lie 19.58  0.009 

6  crucibles  at  $11.50 69.00  0.032 

318  gal.  oU  at  26c 79.50  0.037 

Furnace  repairs 8.00  0.003 

Labor  for  melting 60.00  0.027 

Supervision 25.00  0.011 

Total $364.73  $0. 167 

Estimated  Cost  of  Melting  Precipitate  in  a  bO-kw.  Electric  Furnace 

Per  Pound 
of  Precipitate 

691  lb.  borax  at  16c $103.65  $0,048 

178  lb.  soda  at  lie 19.68  0.009 

30  lb.  carbon  electrodes  at  10c 3.00  0.001 

1,516 kw.-hr.  at  5c 7 .58  0.003 

Furnace  repairs 10.00  0.004 

Labor 18.00  0.008 

Supervision 25.00  0.011 

Total $186.81  $0,084 

• 
In  making  this  estimate  the  electrode  consumption  is  considered  as 

20  lb.  of  carbon  per  ton  of  charge,  and  the  power  consumption  is  taken 

as  1,000  kw.-hr.  per  ton  of  charge.    The  lower  labor  cost  of  the  electric 

furnace  is  simply  due  to  its  capacity,  and  depends  upon  the  power  load 

on  the  furnace.    An  electric  furnace  of  smaller  size  might  melt  at  the 
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same  rate  as  the  oil  furnace  when  the  labor  cost  would  equal  that  of  the 
oil  furnace,  but  there  would  still  be  a  considerable  saving  in  other  items. 

These  figures  show  a  saving  of  8.3c.  per  pound  of  precipitate  mdted 
in  favor  of  the  electric  furnace,  or  a  saving  of  60  per  cent.  The  mak 
saving  is  in  the  source  of  heat  and  the  cost  of  crucibles  as  compared  with 
electrodes.  Electric  heating  costs  0.3c.  per  pound  of  precipitate  and  oil 
heating  costs  3.7c.  per  pound.  Electrodes  are  0.1c.  per  pound  of  pre- 
cipitate and  crucibles  3.2c.  per  pound. 

For  small  mills  where  direct  melting  is  the  most  feasible  proce^,  it 
appears  that  the  electric  furnace  will  melt  more  cheaply  than  the  oil 
crucible  furnace,  at  least  where  the  cost  of  electric  power  is  not  exhor- 
bitant  and  fuel  oil  is  expensive.  With  oil  at  5c.  per  gallon  and  power  at 
3c.  per  killowatt-hour,  the  melting  cost  in  the  oil-fired  furnace  is  13.7f. 
per  pound  and  in  the  electric  furnace  10c.  per  pound  showing  that  there  is 
appUcation  for  the  electric  furnace  in  regions  not  isolated  from  the  source 
of  oil. 

It  should  be  possible  to  keep  the  losses  in  the  electric  furnace  as  low 
as  in  a  combustion  furnace.  The  slag  loss  would  be  as  low,  and  experience 
has  shown  that  with  proper  manipulation  it  is  possible  to  operate  an  elec> 
trie  furnace  so  as  to  keep  down  volatilization  to  a  low  figure.  There 
would  be  no  gold  loss,  and  silver  loss  should  not  be  higher  than  in  the 
combustion  furnace. 

R.  S.  Wile,  Pittsburgh,  Pa.  (communication  to  the  Secretary  *).—H. 
R.  Conklin  of  the  Lluvia  de'Oro  Mining  Co.,  Lluvia  de  Oro,  Chihuahua, 
Mex.,  was  the  first  man  to  attempt  the  electric  smelting  of  gold  zinr- 
dust  precipitates,  after  investigating  two  furnaces  I  had  in  operation  at 
Connellsville  in  the  fall  of  1910.  He  published  an  article  in  the  EngineeT' 
ing  and  Mining  Journal,  1912,  covering  the  operation  of  this  furnace. 
The  furnace  that  Mr.  Lass  describes  is  the  dupUcate  of  this  one,  showing 
no  points  of  originality. 


*  Received  Sept.  3,  1915. 
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Some  Problems  in  Copper  Leaching 

Discussion  of  the  paper  of  L.  D.  Ricketts,  presented  at  the  San  Francisco  meeting, 
September,  1915|  and  printed  in  BuUetin  No.  100,  April,  1915,  pp.  711  to  737. 

Frederick  Laist,  Anaconda,  Mont. — I  am  going  to  tell  you  of  some 
of  the  results  we  have  been  getting  in  Anaconda  during  the  past  two  or 
three  months  in  a  large  plant  which  was  finished  in  May.    We  commenced 
work  in  Anaconda  a  year  and  a  half  ago  on  the  construction  of  a  leaching 
plant  which  was  to  have  a  capacity  of  2,000  tons  per  day.     The  plant 
was  to  treat  taiUngs  from  the  concentrator,  containing  about  12  lb.  of 
copper  to  the  ton.     During  the  past  year  we  changed  our  plans  and 
decided  to  use  the  flotation  process  on  the  tailings  from  the  concentrator, 
which  contained  no  oxidized  copper,  and  apply  the  leaching  process 
only  to  tailings  which  had  accumulated  in  a  large  dump  below  the  works. 
This  dump  contains  about  15,000,000  tons  of  tailings,  and  since  some  of 
the  copper  in  it  is  oxidized,  we  felt  that  the  application  of  the  flotation 
process  would  result  in  the  loss  of  too  much  of  the  oxidized  copper, 
particularly  as  time  went  on.     In  starting  up  we  had  a  number  of  diffi- 
culties to  overcome,  as  is  usually  the  case.    They  were  not  of  a  serious 
character.    The  results  obtained,  so  far,  have  been  decidedly  encouraging. 
During  July  the  plant  treated  a  total  of  50,000  tons  of  taiUngs,  or  an 
average  of  1,610  tons  per  day.     The  extraction  was  about  83  per  cent., 
which,  on  material  of  the  grade  treated,  meant  a  tailing  assaying  under 
0.1  per  cent,  copper.    The  acid  consumption  was  about  65  lb.  per  ton, 
and  the  fuel  percentage  in  roasting  was  about  43^.     We  expect  to 
cut  the  fuel  percentage  in  the  next  month  or  two  to  about  3  per  cent., 
the  high  percentage  during  July  being  due  to  starting  up  and  shutting 
down  furnaces. 

We  find  that  iron  builds  up  in  the  solution  to  a  marked  degree. 
This  is  not  a  serious  matter  with  us,  because  we  have  cheap  sulphuric 
acid  and  can  reject  solution  whenever  it  gets  too  foul. 

The  extraction  of  silver  has  been  remarkably  good  in  the  large  plant. 
It  has  averaged  better  than  75  per  cent.  It  seems  that  so  long  as  we 
maintain  salt  in  the  solution  to  a  percentage  of  10  per  cent.,  the  extraction 
is  good.  We  allowed  the  salt  to  fall  off  in  order  to  find  how  low  a  per- 
centage we  could  use.  At  about  7  per  cent,  the  silver  extraction  fell 
to  65  per  cent.  This  was  to  be  expected,  because  silver  chloride  is 
soluble  in  strong  brine,  but  not  in  weak  brine. 

T.  T.  Read,  Engels,  Cal. — Concerning  the 'use  of  SO2  as  a  depolarizer, 
it  has  occurred  to  me,  though  I  have  not  been  able  to  try  it  as  yet,  that  a 
hollow  porous  carbon  anode  could  be  used,  and  the  SO2  could  be  made 
to  pass  outward  through  its  pores,  meeting  the  liberated  oxygen  on  its 
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outside  and  concentrating  the  action  at  the  point  where  it  is  n^ed, 
instead  of  attempting  to  disseminate  the  50%  throughout  the  electrolytic 
bath,  with  the  difficulties  that  produces.  By  using  a  sufficient  presuie  u 
force  the  SO2  through  the  pores  the  difference  in  hydrostatic  pr^sure 
between  the  top  and  bottom  of  the  bath  should  not  exhibit  itself  to  & 
noticeable  degree.  If  waste  gases  were  used  for  this  purpose  they  would 
be  forced  through  in  sufficient  volume  to  make  a  strong  upward  cuirent 
along  the  face  of  the  anode,  thus  inducing  a  downward  one  along  the 
cathode,  so  furnishing  the  required  agitation  of  the  electrolyte.  As  I 
say,  I  have  not  yet  tried  this,  because  I  have  not  been  able  to  procure 
any  hollow  porous  carbon  that  seemed  well  adapted  to  what  is  required. 

E.  H.  Hamilton,  West  Norfolk,  Va. — ^We  have  extracted  and 
recovered  over  80  per  cent,  of  the  copper  from  chemical  works  cinder 
without  adding  any  new  acid. 

The  acid  builds  up  in  the  solution  and  can  be  kept  normal  by  addinf 
cinder  high  in  zinc. 

The  residue  is  sintered  and  used  as  an  iron  ore. 


Roasting  and  Leaching  Concentrator  Slimes  Tailings 

Discussion  of  the  paper  of  Lawbencb  Addicks,  presented  at  the  San  Fnndsec 
meeting,  September,  1915,  and  printed  in  Btdleiin  No.  104,  August,  1915,  ^ 
1471  to  1484. 

L.  D.  RicKBTTS,  New  York,  N.  Y. — In  the  Southwest  we  have 
stored  up  millions  of  tons  of  tailings  in  which  the  copper  exists  partly 
as  sulphide  and  partly  in  an  oxidized  condition.  Mr.  Addicks'  first  paper 
suggests  a  likely  process  for  the  treatment  of  such  material.  His  second 
paper^  deals  with  the  recovery  of  copper  from  clear  solutions  of  notable 
strength,  and  such  solutions  may  come  from  the  sulphating  roast  or 
direct  from  the  leaching  of  completely  oxidized  copper  ores  of  which 
vast  deposits  are  known  to  exist. 

What  strikes  me  particularly  about  the  latter  paper  is  the  keen 
perception  shown  and  the  clear  manner  in  which  the  writer  has  attacked 
the  fundamental  principles  of  the  process.  He  calls  your  attention  to 
the  fact  that  ferrous  sulphate  is  necessary  in  the  electrolyte  and  is  an 
ideal  depolarizer;  that  sulphurous  acid  must  be  used  to  reduce  the 
ferric  sulphate  produced  and  thus  prevent  re-solution  of  copper  at  the 
cathode;  that  mechanical  agitation  in  the  cell,  in  order  to  bring  the 
ferrous  sulphate  in  contact  with  the  anode  and  the  copper  in  contact 
with  the  cathode,  is  essential  to  efficient  work;  that  lead  anodes  are 


'The  Electrolysis  of  Copper  Sulphate  Liquors,  Using  Carbon  Anodes,  published 
by  the  American  Electrochemical  Society. 
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undesirable  because  they  do  not  permit  complete  depolarization;  and 
that  carbon  anodes  are  ideal  for  the  purposes.  When  the  ferric  salts 
i^ere  kept  low  by  the  use  of  sulphurous  acid  there  was  no  trouble  during 
-the  life  of  his  experiments  from  softening  and  deterioration. 

E.  H.  Hamilton,  West  Norfolk,  Va. — Does  sulphuric  acid 
accumulate? 

Lawrence  Addicks,  Douglas,  Ariz. — ^That  is  a  relative  question. 
We  had  so  much  aliunina,  and  the  rate  of  neutralization  was  so  high,  it 
-was  more  a  question  of  getting  enough  acid  than  too  much.  You  have 
raised  a  large  question.  In  the  process  we  were  attempting  we  are 
bound  to  get  whatever  excess  acid  equivalent  there  is,  in  liquors  contam- 
inated with  other  things  where  it  is  of  no  use.  If  we  have  any  acid  left 
over,  there  is  no  market  for  it,  consequently  no  revenue  to  be  derived 

from  it,  which  is  the  whole  question. 

» 
Frederick  Laist,  Anaconda,  Mont. — Mr.  Addicks  spoke  of  the 

difficulty  of  getting  a  strong  solution  of  SO2  from  a  weak  gas,  such  as 
-would  be  encountered  in  practice.  I  believe  Doctor  Ricketts  men- 
tioned that  point  in  connection  with  the  paper  he  presented  on  Some 
Problems  in  Copper  Leaching.  I  think  it  might  be  of  interest  to  give  a 
brief  outline  of  some  of  the  experiments  we  made  in  Anaconda  in  the  course 
of  the  past  year  and  a  half,  on  the  precipitation  of  copper  from  cupric 
chloride  solutions,  by  means  of  SOs.  While  the  plan  decided  on  for  our 
tailings  treatment  uses  scrap  iron  as  a  precipitant,  we  wished  to  make 
sure  that  really  would  be  the  best  method.  Among  other  methods 
investigated  was  the  old  Hunt  and  Douglas  method,  which  consists  of 
adding  to  the  copper  sulphate  solution  sufficient  common  salt  to  chlorid- 
ize  the  copper.  The  copper  is  then  precipitated  by  SO2  gas  in  the  form 
of  cuprous  chloride,  which  is  a  white  insoluble  precipitate  containing 
about  65  per  cent,  copper. 

We  carried  on  the  process  in  two  stages.  First,  we  dissolved  sufficient 
SO2  gas  in  the  solution.  Second,  we  heated  the  resulting  liquor  to  90^0. 
which  caused  reduction  of  cupric  to  cuprous  chloride.  The  latter 
separated  out  in  cooling.  Our  solution  contained  about  1.5  per  cent, 
copper  and  required  about  0.7  per  cent.  SO2  for  precipitation.  We  found 
it  impossible  to  dissolve  over  0.2  per  cent,  at  atmospheric  pressure  when  a 
10  per  cent,  gas  was  used.  After  we  started  using  a  closed  tank  for  the 
work  and  forced  the  gas  in  under  a  pressure  of  about  15  lb.  per  square 
inch  we  obtained  the  desired  saturation  without  trouble.  There  was 
no  trouble  about  getting  a  10  per  cent,  gas  from  the  furnace  although  it 
was  necessary  to  take  the  gas  from  the  second  floor  in  order  to  avoid 
admixtiure  of  air  entering  through  the  feed  openings.  With  suitable 
apparatus  80  per  cent,  of  the  SOi,  or  better,  could  be  absorbed. 
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The  point  to  which  I  wish  especially  to  call  attention  is  the  greatlv 
increased  strength  of  solution  it  is  possible  to  get  from  a  weak  gas  by  the 
use  of  moderate  pressures. 

Lawrence  Addicks. — I  have  never  had  any  difficulty  with  the 
absorption  towers,  nor  did  we  have  any  difficulty  in  getting  as  mach 
gas  absorbed  as  we  did  in  the  laboratory.  We  put  in  a  stand  pipe,  40 
or  50  ft.  high,  and  let  the  liquor  run  through  that,  obtaining  absolute 
absorption  of  SO2.  While  there  was  no  increase  in  efficiency,  we  obtainel 
what  we  expected  from  the  increased  pressure. 

Charles  Butters,  Oakland,  Cal. — Do  carbon  anodes  soften  when 
used  as  depolarizing  anodes  in  a  cyanide  solution? 

Lawrence  Addicks. — ^With  chloride  electrolysis  there  has  never 
been  any  difficulty.  It  has  no  oxidizing  effect  on  the  carbon.  In  the 
operation  you  mention,  the  efficiency  is  low  since  a  great  deal  of  oxygenic 
liberated,  and  carbon  would  certainly  be  attacked.  You  must  take  care 
of  the  product  of  depolarization. 

L.  D.  Ricketts. — In  the  Southwest  we  have  porphyries  that  have 
been  subjected  to  intense  chemical  action  and  contain  a  great  deal  of 
clay.  In  the  old  days,  when  we  used  to  crush  to  IJ^  mm.,  fully  50  per 
cent,  of  the  product  would  pass  a  200-mesh  screen.  I  think  such  ores 
would  give  a  great  deal  of  difficulty  in  leaching,  even  after  a  sulphating: 
roast,  if  an  attempt  were  made  to  gain  a  strong  solution  of  sulphate  of 
copper,  but  possibly  we  might  make  the  process  successful  if  we  used 
a  large  amount  of  solution  and  produced  a  solution  weak  in  copper  from 
which  the  copper  would  be  recovered  with  scrap  iron  and  metallized 
calcine.  Though  such  a  method  of  recovery  of  copper  from  solution  is 
comparatively  expensive,  the  metal  would  be  obtained  very  profitably 
because  the  material  to  be  treated  is  tailings  that  are  already  mined  and 
that  are  comparatively  rich. 

Referring  to  Mr.  Addicks'  second  paper,  and  especially  referring  to 
the  use  of  sulphurous  acid  to  reduce  the  ferric  iron  produced  by  depolariza- 
tion, at  plants  located  at  points  like  Douglas,  where  immense  amounts 
of  sulphur  are  going  to  waste  as  sulphurous  acid  gas,  the  question  of 
efficiency  does  not  enter  into  the  problem.  In  certain  districts  in  the 
Southwest,  especially  at  Ajo  and  Globe,  Ariz.,  we  would  have  to  consider 
the  importation  of  pyrite  or  sulphur  for  the  manufacture  of  the  sulphurous 
acid  gas.  In  such  cases  the  question  of  complete  absorption  becomes 
very  important,  yet  complete  absorption  of  the  gas  as  produced  by  burn- 
ing sulphur  or  pyrite  presents  many  difficulties.  In  our  experiments  we 
did  not  get  very  good  absorption  in  a  coke  tower.  The  solution  possiUy 
followed  channels.  At  all  events  we  found  if  we  could  spread  out  the 
liquid  in  very  thin  sheets  over  large  surfaces  we  obtained  much  greater 
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absorption.  We  also  found  that  a  neutral  solution  absorbs  more  gas 
than  an  acid  solution.  Where,  however,  complete  absorption  is  important, 
it  occurs  to  me  that  the  pumping  cost  will  be  considerable  and  the  cost 
of  the  construction  of  the  necessary  absorption  towers  will  be  very  great. 
Mr.  Addicks'  paper  calls  attention  to  the  fact  that  if  solutions  contain- 
ing ferric  salt  and  sulphurous  acid  are  heated  to  a  point  about  130^F., 
the  reduction  is  almost  instantaneous.  I  think  the  question  of  obtaining 
a  pure  gas  is  important.  If  by  some  cheap  method  100  per  cent.  sul« 
phurous  acid  gas  could  be  obtained,  the  necessary  amount  could  be  pumped 
under  a  low  pressure  into  the  warm  solutions  and  the  reduction  might 
be  instantaneous,  and  the  cost  of  both  operation  and  construction  might 
be  very  considerably  lessened. 

T.  T.  Read,  Engels,  Cal.    (communication  to  the  Secretary*). — 
Mr.   Addicks'   paper   (Electrolysis  of  Copper  Solutions  with  Carbon 
Anodes)  is  extremely  suggestive  and  helpful,  and  I  find  myself  in  special 
accord  with  his  method  of  attack  as  I  have  always  believed  that  copper 
hydrometallurgy  would  eventually  develop  along  the  lines  of  cyanide 
practice,  namely,  fine  grinding  and  the  treatment  of  such  material  by  the 
methods  it  requires.    This  seems  even  more  true  now  that  flotation  is 
becoming  general,  for  fine  grinding  is  a  prerequisite  to  that,  and  it  seems 
quite  likely  that  practice  of  the  future  will  develop  along  the  lines  of  a 
combined  flotation-hydrometallurgical  process.    It  is  fairly  easy  to  float 
sulphides;  it  seems  foolish,  therefore,  to  roast  them  at  considerable  cost, 
preparatory  to  an  acid  treatment  that  is  no  more  satisfactory  than 
flotation.    Oxidized  minerals  yield  easily  to  acid  treatment;  it  seems  at 
least  doubtful  whether  they  can  ever  be  converted  into  sulphides  and 
floated,  thus  putting  them  into  concentrate  that  requires  a  subsequent 
treatment,  and  still  show  a  profit  in  the  operation.    Of  course  there  is  the 
advantage  of  such  a  scheme  that  you  are  getting  the  desired  mineral  in 
a  concentrated  form,  whereas  hydrometallurgy  is  fundamentally  unsound 
in  that  you  take  ore  that  contains  only  a  few  pounds  of  copper  per  ton 
and  dissolve  that  copper  out  into  three  or  more  tons  of  solution,  thus 
diluting  it  to  one-third  of  its  original  dissemination.    The  first  step  in 
hydrometallurgy  is  not,  therefore,  concentration,  but  dilution,  and  is 
fundamentally  bad.     On  the  other  hand,  the  problems  of  hydrometallurgy 
are  largely  mechanical  and  the  advantages  of  handling  the  ore  in  the  form 
of  pulp  are  so  great  that  it  seems  to  more  than  coimterbalance  this  draw- 
back.   On  the  whole  it  seems  likely  that  the  treatment  of  copper  ore 
by  sulphuric  acid  will  develop  along  the  same  general  lines  as  cyanidation, 
and  we  will  do  well  to  direct  our  attention  where  Mr.  Addicks  has,  to 
the  treatment  of  slime  tailing. 

*  Received  Oct.  30,  1915. 
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It  would  be  well,  by  the  way,  if  we  had  a  better  name  for  this  field  d 
work.  It  is  now  commonly  called  copper  leaching,  but  that  is  a  mis- 
nomer, for  the  work  Mr.  Addicks  has  described  does  not  involve  leaching 
at  all,  and  even  where  leaching  is  used  it  is  not  the  most  important  of  a 
series  of  operations  that  are  necessary.  Hydrometallurgy  of  copper  k 
cumbersome  and  too  general  in  its  scope  to  define  exactly  the  treatment 
of  copper  bre  with  sulphuric  acid  and  the  subsequent  recovery  of  the 
copper  from  sulphate  solution.  It  would  be  well  if  some  one  introduced  & 
new  word  of  precise  meaning,  just  as  cyanidation  is  perfectly  definite. 
Possibly  vitriolization  would  do,  or  perhaps  some  one  will  suggest  a 
better  word. 


The  Occurrence  of  Covellite  at  Butte,  Mont. 

Discussion  of  the  paper  of  A.  Psrrt  Thompson,  presented  at  the  San  Francisco 
meeting,  September,  1915,  and  printed  in  Bulletin  No.  100,  April,  1915,  pp. 
645  to  677. 

Akthub  S.  Eakle,  Berkeley,  Cal. — ^At  the  old  Morning  Star  mine  is 
Alpine  County,  where  large  masses  of  enargite  were  found  some  years  ago, 
I  looked  particularly  for  evidences  of  replacement  of  pyrite  by  the  en- 
argite. While  I  have  not  made  a  particular  study  of  any  of  the  sp^ecimens. 
I  judge  that  the  pyrite  and  enargite  were  precipitated  together.  They 
were  both  primarily  in  those  rocks.  Of  course,  by  using  Mr.  Graton's 
method  of  determination  we  might  possibly  find  a  situation  somewhat 
different,  but  I  should  say  that  the  enargite  is  not  replacing  the  pyrite 
but  was  simply  precipitated  at  the  same  time.  The  bodies  occurred 
there  within  50  ft.  of  the  surface,  so  it  is  probably  not  a  case  of  secondarj 
enrichment. 

H.  W.  TxjKNBB,  San  Francisco,  Cal. — In  the  case  where  secondary 
chalcocite  shows  a  crystalline  structure  and  cleavage  lines,  what  is  the 
evidence  of  the  secondary  nature  of  it? 

C.  F.  ToLMAN,  Stanford  University,  Cal. — ^You  can  find  practically 
all  the  evidences  we  have  discovered  in  the  microscopic  study  of  ores. 
You  can  find  all  stages  in  the  process  of  replacement  of  earlier  minerals, 
especially  bornite,  by  chalcocite,  from  a  stage,  in  which  the  process 
has  but  just  started  with  only  occasional  fragments  of  chalcocite  set  in 
bornite,  to  a  stage  where  remnants  of  bornite  are  set  in  chalcocite.  The 
replacement  may  take  place  along  the  cleavage  hues  or  along  the 
crystallographic  directions  of  the  earlier  mineral,  or  it  may  take  place  ir- 
regularly. In  one  type  of  replacement  you  may  find  in  one  si>ot  a  few 
cross-cutting  veins,  and  in  another  spot  the  latter  may  be  so  enlarged  th&t 
there  remain  only  a  few  individual  specks  of  the  replaced  mineral. 
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A.  C.  Lawson,  Berkeley,  Cal. — I  would  like  to  ask  whether  this 
structure  is  really  a  pegmatite  structure. 

C.  F.  ToLMAN,  Stanford  University,  Cal. — It  is  the  so-called  eutectic 
structure  of  Laney  and  others. 

A.  F.  Rogers,  Stanford  University,  Cal. — ^In  some  cases  the  so-called 
graphic  intergrowth  of  chalcocite  and  bornite  is  probably  due  to  in- 
herited structure  from  an  earlier  graphic  intergrowth  of  bornite  with 
other  minerals.  In  other  cases  it  seems  to  be  due  to  a  partial  breakdown 
of  bornite  into  the  chalcocite.  I  have  not  found  any  case  where  bornite 
and  chalcocite  were  formed  simultaneously.  I  may  be  mistaken  but  I 
do  not  believe  that  they  were  formed  simultaneously  from  ascending 
solutions.  The  so-called  intergrowth  is  a  peculiar  breakdown  but  it  is 
rather  difficult  to  know  just  what  it  means. 

L.  C.  Graton,  Cambridge,  Mass. — There  was,  as  Professor  Tolman 
has  said  (in  his  summary),  an  epoch-making  paper  on  the  application  of 
the  reflecting  microscope  to  the  study  of  sulphide  ores,  but  that  was  the 
paper  by  Campbell.  Similar  methods  had  been  employed  many  years 
earL'er,  but  Campbell  was  the  first  to  disclose  the  general  applicability 
and  importance  of  the  idea  and  most  of  the  progress  that  has  been 
made  in  this  direction  is  traceable  directly  or  indirectly  to  the  impetus  he 
gave  to  this  line  of  microscopic  research.  Murdoch  and  I  were  simply 
among  the  early  followers  of  Campbell's  methods,  and  if  oui  paper  con- 
tained any  contribution  it  lay  chiefly  in  our  attempt  at  systematic  attack 
on  a  single  part  of  the  entire  field  this  new  method  opened  up. 

Apparently  Mr.  Thompson,  and  perhaps  some  others,  have  fallen 
into  an  error  for  which  Murdoch  and  I  may  have  been  responsible,  viz., 
the  conclusion  that  a  systematic  pattern  developed  in  chalcocite  by 
etching  with  acid  (cleavage  structure,  if  you  will),  is  a  certain  indication 
that  the  chalcocite  was  formed  from  ascending  solutions,  i.e.,  is  "  primary'' 
in  the  generally  accepted  sense.  Shortly  after  the  appearance  of  our 
paper.  Professor  Tolman  pointed  out  the  danger  in  applying  this  con- 
clusion too  sweepingly,  as  i^e  had  likewise  cautioned,  but  Mr.  Thompson 
seems  to  have  overlooked  these  warnings.  There  can  be  no  doubt  that 
under  certain  conditions  a  systematic  structure  revealed  by  etching  is 
present  in  chalcocite  that  has  been  formed  by  descending  solutions  in  the 
orthodox,  secondary-enrichment  fashion. 

The  question  of  the  ''graphic  intergrowths"  affords  another  topic 
for  discussion.  Laney  was  the  first  to  note  in  the  sulphides  that  peculiar 
pattern  with  which  we  are  familiar  in  the  pegmatites,  and  he  concluded 
that  it  meant,  in  the  one  case,  as  had  commonly  been  regarded  in  the 
other,. simultaneous  crystallization  of  the  components.  At  the  time  our 
paper  was  published  Murdoch  and  I  had  found  no  reason  to  dispute  this 


2466  THE  OCCURRBNCK  OF  COVBLLITB  AT  BUTTE,  MONT. 

interpretation,  and  I  am  by  no  means  ready  as  yet  to  accept  the  eztrenffi 
belief  expressed  by  Professor  Rogers  that  this  structure  never  represents 
simultaneous  intergrowth,  though  I  am  now  satisfied  that  a  very  similar 
pattern  may  in  certain  cases  result  from  partial  alteration  of  one  minotd 
to  another. 

Criticism  of  the  terms  ''primary"  and  ''secondary/'  particularly  the 
latter,  on  the  ground  that  they  have  more  than  one  meaning,  is  to  some 
extent  justified.  As  Professor  Tolman  has  indicated,  the  terms  "hypo- 
gene"  and  "supergene,"  proposed  by  Ransome,  are  valuable  because  of 
their  precision  as  to  direction  from  which  the  originating  causes  were 
derived.  But  the  term  "secondary  enrichment"  has  been  so  extensively 
used  and  has  come  to  mean  so  definite  a  thing,  and  to  be  understood  so 
unusually  well  by  all  classes  of  people  engaged  in  or  connected  with 
mining  of  the  metals,  that  it  would  seem  to  be  as  futile  as  it  would  be 
unwise  and  confusing  to  endeavor  to  abandon  it  and  substitute  some  other 
expression  for  it. 

Equally  to  be  deplored  and  avoided,  it  seems  to  me,  is  the  apphca- 
tion  of  the  term  "secondary  enrichment"  to  results  and  processes  that 
have  little  or  nothing  in  common  with  those  alterations  by  descending, 
meteoric  waters  that  produce  an  increase  in  metal  content  of  part  of  a 
deposit  through  the  impoverishment  of  a  nearby  part.  Coupling  "up- 
ward" or  "ascending"  with  "secondary  enrichment"  is  in  my  opinion 
a  mistake. 

A.  C.  Lawson. — One  matter  that  appealed  to  me  in  connection 
with  this  discussion  is  the  desirability  of  not  disturbing  the  nomenclature 
after  it  has  once  been  established  in  the  mind  of  the  layman  or  practical 
miner.  If  we  change  our  nomenclature  we  will  disturb  people  and  con- 
fuse them  greatly,  and  in  fact  we  will  undermine  the  confidence  they 
have  in  our  work.  Whatever  proposals  are  made  for  the  change  of  the 
use  of  words  such  as  "secondary"  and  "primary,"  we  should  always 
fully  comprehend  the  meaning  attached  to  those  words  by  the  miners 
who  have  come  to  use  them. '  Those  words  to  them  have  a  certain  definite 
meaning.  I  agree  with  Mr.  Graton  in  the  hope  that  the  term  "second- 
ary" be  retained,  but  that  we  should  all  have  a  definite  understanding 
of  the  meaning  of  secondary  enrichment.  If  the  idea  has  prevailed  that 
primary  ores  were  all  formed  at  one  time  I  am  very  glad  the  trend  of 
the  discussion  shows  that  that  idea  has  been  broken  up. 

J.  C.  Ray,  Palo  Alto,  Cal. — I  think  I  am  probably  more  interested 
in  Mr.  Thompson's  paper  than  any  one  else  present,  as  I  have  written  a 
paper  on  the  same  subject  which  appeared  last  year  in  Economic  Geology^ 
It  naturally  gives  me  no  little  satisfaction  to  find  that  Mr.  Thompson 
departs  rather  cautiously  from  Sales'  theory,  and  to  note  his  practical 
verification  of  the  principal  points  which  I  have  already  brought  out; 
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i.e.,  that  the  Butte  deposits  were  formed  as  the  result  of  several  distinct 
periods  of  mineralization  whereby  each  set  of  sulphides  belonging  to  one 
period  was  replaced  by  a  later  set  of  sulphides  belonging  to  another 
period,  and  not,  as  thought  by  Sales,  by  a  practically  continuous 
circulation  of  a  gradually  changing  solution  which  resulted  in  the  si- 
multaneous deposition  of  several  sulphide  ore  minerals.  I  make  this  state- 
ment reservedly  as  I  know  that  Sales  wrote  his  paper  before  any  detailed 
study  of  the  Butte  ores  had  been  made  with  the  use  of  the  reflecting' 
microscope,  and  presume  that  he  made  statements  then  which  he  is 
willing  to  modify  or  change  now. 

The  soundness  of  Mr.  Thompson's  criteria  for  distinguishing  primary 
from  secondary  chalcocite  by  the  etch  structure  has  already  been  ques- 
tioned. I  also  do  not  agree  with  Mr.  Thompson  in  this  point  for  I  have 
seen  much  undoubted  secondary .  chalcocite  which  exhibits  the  same 
regularity  of  etch  structure  which  Mr.  Thompson  ascribes  to  primary 
chalcocite. 

He  also  believes  the  transitional  zones  to  be  indicative  of  secondary 
or  downward  solutions.     My  own  observations  would  lead  me  to  place 
equal  weight  with  this  as  evidence  of  minor  side  reactions  which  fre- 
quently accompany  the  replacement  by  ascending  solutions.     While 
undoubtedly  taking  place  at  times  from  the  action  of  descending  solu- 
tions I  can  not  agree  that  it  is  a  safe  criterion  for  downward  enrichment. 
Mr.   Thompson  frequently  refers  to  the  replacement  of  quartz, 
pyrite  and  quartz-monzonite  by  primary  chalcocite.     I  can  not  agree 
with  this.     I  believe  that  any  primary  (deposited  by  ascending  solu- 
tions) chalcocite  is  a  replacement  of  earlier  sulphides,  enargite  or  sphal- 
erite, usually  through  the  intermediate  stage  of  bornite.    I  believe  that 
the  replacement  of  pyrite  by  primary  chalcocite  is  of  little  importance. 
The  author  mentions  chalcocite  occiming  in  veinlets  up  to  2  ft.  in  width 
which  are  direct  replacements  of  quartz,  pjrrite,  or  monzonite.    I  have 
studied  rich  chalcocite  ore  from  some  of  these  little  veins  and  find  the 
chalcocite  undoubtedly  replaces  earlier  sulphides.    One  such,  the  south 
branch  of  the  Minnie  Healy,  on  the  1,600-ft.  level  of  the  Tramway  mine, 
exhibits  ore  which  is  apparently  pure  chalcocite  replacing  pyrite  and  the 
monzonite  wall  rocks.    Microscopic  study  shows  this  ore  to  be  thickly 
dotted  with  residual  fragments  of  enargite  and  bornite  with  occasional 
remnants  of  sphalerite.     Some  of  this  chalcocite  is  completely  meshed 
with  partially  replaced  enargite  grains.    At  no  place  in  Butte  have  I 
been  able  to  find  primary  chalcocite  which  I  could  conscientiously  as- 
cribe to  anything  but  a  replacement  of  enargite,  sphalerite,  or  covellite. 
The  evidence  is  not  always  clear  in  one  specimen,  but  by  studying  many 
specimens  the  solution  of  the  replacement  is  sure  to  be  found  somewhere. 

L.  C.  Graton,  Cambridge,  Mass. — Do  you  exclude  the  bornite? 

14 
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J.  C.  Rat. — ^By  no  means.  In  the  area  which  is  under  diacuasian  in 
Mr.  Thompson's  p£4)er,  chalcodte  replaces  enargite  directly,  but  I  am 
inclined  to  think  that  the  greater  part  of  it  has  gone  through  the  bcvnite 
stage  first. 

H.  W.  Turner. — I  quite  agree  with  what  Professor  Lawson  has  said  in 
regard  to  retaining  the  terms  "primary''  and  "secondary"  in  the  original 
sense  used  by  S.  F.  Emmons  for  the  use  of  the  mining  fraternity.  There 
is  also  a  financial  point  in  this.  Investors  in  sulphide  mines  the  world 
over  have  come  to  know  about  primary  and  secondary  ores,  used  in  this 
simple  sense;  and  they  are  interested  because  if  a  sulphide  deposit  has 
been  leached. above,  it  is  nearly  certain  that  some  rich  ore  will  be  found 
below,  unless  the  primary  sulphides  were  merely  barren  pyrite.  Erra 
the  intelligent  miner  now  understands  the  significance  of  the  two  terms 

The  distinction  between  the  various  zones  in  copper  mines,  in  whicb 
the  original  minerals  were  chiefly  pyrite  and  chalcopyxite,  is  very  plain; 
but  it  is  true  that  in  complicated  deposits,  like  those  of  Butte,  the 
average  miner,  or  even  mining  engineer,  would  not  be  able  to  draw 
altogether  correct  conclusions  as  to  the  limit  of  the  zone  of  secondarr 
enrichment  and  the  primary  zone  below  without  the  help  of  such 
investigations  as  those  at  Butte,  by  Emmons,  Weed,  Sales,  Graton, 
Tolman,  Rogers,  Ray,  Thompson,  Simpson  and  others.  There  was  ''up- 
ward sulphide  enrichment"  in  the  primary  zone;  and  the  original  solu- 
tions may  have  reacted  upon  each  other  resulting  in  the  replacement  of 
one  sulphide  by  another;  yet  all. these  reactions  belong  to  the  primarr 
period,  long  antedating  the  later  leaching  and  secondary  sulphide  en- 
richment period. 

The  scientific  description  and  discussion  of  the  reactions  and  re- 
placements that  took  place  during  the  primary  period  requires  a  special 
set  of  terms  with  definite  meanings,  but  it  is  not  necessary  that  the  lay- 
man should  be  required  to  know  them.  This  will  be  all  the  more  true 
if  investigators  always  add  a  chapter  to  their  papers,  in  which  their 
general  conclusions  are  stated  in  plain  language,  and  in  which,  in  ref- 
erence to  ore  deposits,  the  terms  "primary"  and  "secondary"  are  used 
in  their  original  sense.  Moreover,  the  writer  of  a  special  paper  owes  it 
to  the  public,  as  well  as  to  himself,  to  add  such  a  special  chapter,  for, 
being  more  familiar  than  anyone  else  with  the  subject  in  hand,  he  can 
best  do  this. 

Of  paramount  importance  to  the  mining  industry  are  the  broad 
facts,  in  most  sulphide  deposits,  of  (1)  a  leached  zone,  (2)  a  zone  of  sec- 
ondary enrichment,  (3)  a  zone  of  primary  ore,  and  the  terms  "primary" 
and  "secondary"  should  be  retained  in  this  sense  and  so  used  not  only 
in  popular  papers,  but  in  scientific  discussions  in  order  to  avoid  confusion. 

A.  P.  Rogers. — ^We  are  accustomed  to  the  use  of  the  terms  "  primary  " 
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and  "secondary"  in  a  geological  sense,  but  if  the  matter  were  looked  into 
carefully,  the  word  "secondary"  would  probably  be  found  to  have  priority 
in  a  mineralogical  sense.  At  any  rate,  the  terms  primary  and  secondary 
as  used  at  present  are  ambiguous.  Some  of  us  use  them  in  one  sense  and 
some  in  another.  The  difficulty  is  that  sometimes  m  the  same  paper  the 
author  will  use  the  terms  in  two  different  senses,  so  it  seems  to  me  that 
in  a  paper  it  is  absolutely  necessary  to  define  the  use  of  these  terms. 
For  my  part,  I  should  like  to  avoid  the  use  of  these  terms  altogether, 
but  that  is  a  difficult  thing  to  do.  We  could  use  such  terms  as  "the 
first  [generation"  and  "the  second  generation."  I  favor  the  use  of 
the  terms  "hypogene"  and  "supergene,"  as  indicating  the  source  of  the 
solution. 

The  terms  "primary"  and  "secondary"  may  then  be  dispensed  with 
and  in  their  place  the  words  "hypogene"  and  "supergene"  used.  The 
point  is  that  these  terms  indicate  the  source  of  the  solutions,  and  that 
is  the  principal  argument  for  their  use. 

C.  F.  ToLMAN. — There  is  a  difficulty  iq  regard  to  the  present  use  of 
the  terms  "primary"  and  "secondary,"  which  apparently  has  not  been 
fully  appreciated  by  the  preceding  speakers,  but  which  is  felt  by  those  of 
us  who  are  engaged  in  the  microscopic  study  of  ores.  This  difficulty  is 
due  to  the  fact  that  a  genetic-geological  meaning  has  been  grafted  on  to 
the  purely  descriptive  terms  for  those  minerals  formed  at  the  expense  of 
earUer  sulphides.  These  terms  must  be  divorced  from  any  theory  as 
to  the  origin  of  the  ores  or  their  structures;  e.g.,  I  want  to  describe  a 
certain  ore,  which  is,  say,  a  mass  of  bornite  shot  through  with  chalcocite 
stringers.  I  know  that  the  bornite  is  being  broken  up  and  replaced  by 
chalcocite,  but  I  do  not  know  anything  as  to  where  the  solutions  causing 
this  change  come  from;  whether  they  come  up  or  down  or  sidewise  or 
any  other  direction. 

Doctor  Rogers  suggests  that  we  say  chalcocite  of  the  first  and  second 
generation.  The  difficulty  here  is  that  the  first  generation  of  some  one 
mineral,  say  chalcocite,  may  be  secondary  in  and  derived  from  some 
earlier  mineral,  say  bornite,  and  chalcocite  of  a  second  generation  may 
be  deposited  ia  veinlets  and  therefore  be  primary  in  the  mineralogical 
sense.  In  either  case  the  chalcocite  may  be  of  the  fourth,  fifth  or  nth 
generation,  if  we  broaden  the  term  and  consider  each  step  or  stage  in  the 
formation  of  minerals  of  the  ore  as  a  generation.  Any  of  these  different 
generations  of  minerals  and  stages  of  mineralization  might  be  produced 
by  ascending  or  descending  solutions.  In  the  microscopic  study  of  an 
ore,  we  must  have  a  set  of  names  for  those  minerals  that  are  formed  at 
the  expense,  and  by  the  destruction  of  (partial  or  complete)  an  earlier 
mineral  or  minerals.  For  such  minerals  geologists  have  used  the  term 
"secondary,"  long  before  the  process  of  downward  enrichment  was  dis- 
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covered  or  the  phrase  ''secondary  sulphide  enrichment"  was  inTe&ted. 
In  the  early  usage,  secondary  carried  no  implication  as  to  whether  thfi 
solutions  causing  the  alteration  were  hot  or  cold,  ascending  or  descend- 
ing. For  example,  lepidoUte  or  muscovite  develops  along  tin  vdns,  as 
a  secondary  mineral.  The  solutions  causing  this  alteration  are  probably 
in  gaseous  form  and  generally  ascending.  Two  common  secondary  prod- 
ucts in  the  alteration  of  feldspar  are  sericite  and  kaolin.  The  former 
is  probably  generally  produced  by  ascending  solutions  and  the  latter  by 
descending  solutions.  Mr.  Turner's  suggestion,  therefore,  that  we  re- 
tain the  terms  "primary"  and  "secondary"  in  the  origtrudsenae  used  by 
S.  F.  Emmons  is  somewhat  confusing. 

The  speakers  seem  to  be  generally  of  the  opinion  that  priority  should 
not  rule  in  this  case;  that  secondary  should  carry  with  it  the  concept 
of  oxidation  producing  a  leached  zone,  of  downward  moving  solutions, 
of  wealth  at  or  near  the  water  level,  of  poverty  with  depth;  to  be,  in 
short,  a  name  for  stock  jobbers  and  engineers  to  conjure  with,  to  entice 
the  fearful  or  to  frighten  the  sanguine.  Since  language  is  a  living  thing, 
ruled  by  force  and  necessity  and  not  by  logic  and  priority,  these  terms 
may  finally  acquire  the  burden  of  geological  theories.  If  so,  we  must 
have  a  set  of  names  for  the  microscopist.  We  must  understand  each 
other.  Loose  language  produces  loose  thinking.  Think  of  the  harm  to 
which  the  present  confusion  in  nomenclature  has  given  rise.  Prof®- 
sor  Krusch  has  said  that  he  has  never  seen  primary  chalcocite.  (He 
uses  the  term  in  its  prior  meaning.)  His  critics  cited  the  "primary 
chalcocite"  in  Butte.  This  turns  out  to  be  secondary  as  Professor 
Krusch  Used  the  term,  and  only  by  a  process  of  geological  theorizing  can 
it  be  called  primary. 

At  the  meeting  of  the  Institute  in  February,  1914,  there  was  a  dis- 
cussion^ of  the  question  "To  What  Extent  is  Chalcocite  a  Primary, 
and  to  What  Extent  a  Secondary  Mineral  in  Ore  Deposits?"  In  thia 
discussion  J.  D.  Irving  appears  to  use  secondary  in  the  geological  sense. 
F.  L.  Ransome  avoids  the  use  of  the  terms  and  his  remarks  are  not 
ambiguous.  Waldemar  Lindgren  uses  the  term  in  the  mineralogical  sense 
speaking  of  primary  chalcocite  crystals,  although  taking  part  in  a  dis- 
cussion in  which  most  of  the  disputants  are  using  the  geological  or  a 
mixed  meaning.  L.  C.  Graton  frankly  assumes  that  if  a  mineral  is 
secondary  in  a  mineralogical  sense,  it  therefore  is  formed  by  the  processes 
of  downward  enrichment.  It  was  this  assumption  that  so  greatly  dimin- 
ished the  value  of  his  epoch-making  and  otherwise  valuable  paper  on 
The  Sulphide  Ores  of  Copper.* 

It  seems  necessary,  somehow,  someway,  to  adopt  a  nomenclature 
accurately  defined  and  understood  by  all.    If,  however,   the  struggle 

^Trana.,  xlviii,  p.  194  (1914).  «  Trans,,  xlv,  p.  26  (1913). 
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is  to  continue  apnd  a  peace  conference  is  not  as  yet  in  order,  let  each 
man  state  clearly  the  way  in  which  he  uses  the  terms  "primary"  and 
"secondary." 

A.  Perry  Thompson  (communication  |to  Secretary*). — Among  the 
most  interesting  details  of  the  study  of  opaque  minerals  in  the  sulphide 
ores  are  the  criteria  for  distinguishing  the  primary  from  the  secondary 
minerals  and  the  relation  of  bornite  to  chalcocite.  In  the  discussion, 
the  statement  was  made  that  a  regular  cleavage  or  pattern  developed  in 
chalcocite  by  etching  with  acid  is  not  an  unquestionable  indication  that 
the  chalcocite  was  formed  by  ascending  solutions.  In  this  I  fully  agree, 
as  perfect  cleavage  structure  developed  by  etching  chalcocite  deposited 
by  descending  waters  has  been  observed  in  many  Butte  ores  since  the 
writing  of  my  paper  in  March,  1914.  In  April,  1915,  in  a  communication 
to  the  Editor,  I  attempted  to  bring  the  manuscript  up  to  date  and  cor- 
rected the  former  conclusion  that  the  regular  cleavage  lines  developed 
by  etching  are  a  reUable  criterion  for  the  determination  of  primary 
chalcocite.  Unfortunately,  this  correction  arrived  too  late  to  be  made 
in  the  paper. 

The  relation  of  bornite  to  chalcocite  is  difficult  to  understand  at  all 
times,  particularly  by  means  of  the  microscope  alone.  Most  commonly 
the  relation  may  be  described,  as  Professor  Rogers  has  said,  as  a  pecuhar 
breakdown  of  the  bornite  in  the  chalcocite.  Tolman  and  Clark,  com- 
bining an  intimate  knowledge  of  the  ores  through  microscopic  study  with 
chemical  investigation,  have  lately  published  an  instructive  paper  on  the 
formation  of  the  sulphide  ores,  particularly  those  related  closely  to  chal- 
cocite. More  recently  in  the  American  Journal  of  Science,  June,  1914, 
E.  H.  Kraus  published  the  results  of  chemical  analyses  of  a  number  of 
minerals  grading  in  chemical  composition,  in  orderly  fashion,  from  bornite 
to  chalcocite.  Many  of  the  n[iinerals  described  by  Doctor  Kraus  are  prob- 
ably the  opaque  minerals  observed  imder  the  microscope,  having  slightly 
different  shades,  but  closely  resembling  bornite  in  all  characteristics,  that 
have  puzzled  the  microscopist  and  have  been  referred  to  as  products  of  the 
general  breakdown  of  bornite. 


*  Received  Oct.  18,  1915. 
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The  Geology  of  flie  Iron  Ore  Deposits  In  and  Near  Daiquiri,  Cuba 

DiflCUMion  of  the  paper  of  Jambs  F.  Kbmp,  presented  at  the  Saa  Franciaoo  meeti&s, 
September,  1915,  and  printed  in  BtdUHn  No.  105,  September,  1915,  pp.  ISOl  to 
1836. 

Wallace  E.  Pratt,  Manila,  P.  I. — ^I  am  glad  that  Professor  Kemp 
has  referred  to  the  PhiUppine  ores  in  his  paper,  inasmuch  as  I  have  had 
the  privilege  of  examining,  in  a  preliminary  way,  the  ores  there.  I 
must  say,  from  the  rdsum^  given  us,  that  the  Daiquiri  ores  seem  to  be 
similar  in  origin  and  character  to  the  magnetite-hematite  ores  in  Bulacan 
Province,  PhiUppines. 

Professor  Kemp  has  also  referred  to  C.  M.  Weld's  description  of  the 
magnetite-hematite  ores  at  Hongkong  and  to  the  similarity  of  these  ores 
to  the  ores  at  Daiquiri  and  to  those  in  Bulacan.  There  is  a  minor  feature 
of  apparent  difference  in  origin  in  the  Hongkong  and  Bulacan  ores. 
Mr.  Weld  believes  the  iron  ores  at  Hongkong  to  have  resulted  from  the 
intrusion  of  the  Hongkong  granite,  a  distinctive  rock  of  wide  distribution 
in  the  Orient,  into  sedimentaries  which  are  probably  of  much  greater 
age  than  those  which  have  been  replaced  in  part  by  the  ores  in  Bulacan. 
Associated  with  some  of  the  ores  in  Bulacan  and  elsewhere  in  the  Philip- 
pines there  is  a  granite  which  may  be  the  equivalent  of  the  Hongkong 
granite;  but  the  Bulacan  ores  are  not  related  in  origin  to  the  intrusion  of 
this  granite,  which  is  clearly  older  than  the  ores,  but  to  the  later  intrusioD 
of  dikes  and  small  bodies  of  basic  rocks  into  the  granite  and  into  as- 
sociated tuffs,  breccias,  and  sedimentaries,  including  limestone.  I 
gather  that  the  intrusives  to  which  the  mineralization  is  related  at 
Daiquiri  are  also  small  in  volume  and  later  than  larger  bodies  of  a^o- 
ciated  igneous  rocks,  from  which  it  would  appear  that  the  Bulacan  ores 
are  even  more  closely  related  to  the  Daiquiri  type  than  are  the  Hongkong 
ores. 

The  deposits  in  Bulacan  are  inaccessible  and  are  not  large,  the 
largest  one  containing  about  1,000,000  tons,  according  to  an  estimate 
based  solely  on  its  outcrop  dimensions.  Ores  of  similar  character, 
however,  occur  in  Camarines  Province  in  apparently  larger  quantity  and 
in  a  situation  on  the  coast  adjacent  to  deep  water. 
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The  Copper  Deposits  of  San  Cristobal,  Santo   Domingo 

Discuflsioii  of  the  paper  of  Thomas  F.  Donnbllt,  presented  at  the  San  Francisco 
meetingi  September,  1915,  and  printed  in  BtiUetin  No.  104,  August,  1915,  pp. 
1759  to  1768. 

F.  Ltnwood  Garrison,  Philadelpbia,  Pa.  (communication  to  the 
Secretary*). — The  paper  is  of  value  in  giving  the  public  some  first-hand 
information  regarding  a  copper  property  that  from  various  causes  has 
attracted  considerable  attention,  especially  in  Philadelphia,  and  which 
has  also  been  the  source  of  several  fantastic  flotations  that  had  little  to 
recommend  them. 

Since  1906,  no  work  has  been  done  on  this  property  under  my  direc- 
tion, with  the  exception  of  a  topographic  survey  made  last  winter  by 
Mr.  Donnelly,  which  was  intended  as  the  first  step  in  a  sound  and  logical 
system  of  development.  Prom  1906  to  1915,  desultory  attempts  were 
made  to  develop  these  orebodies,  but  as  the  work  was  not  in  competent 
hands  much  money  was  wasted  and  even  more  disappeared  in  ways  re- 
garding which  it  is  perhaps  not  best  to  inquire.  The  result  is,  this  in- 
teresting property  has  now  practically  no  more  ore  developed  upon  it 
than  in  1906,  despite  the  fact  that  a  new  100-ton  mill  is  being  erected, 
although,  as  I  have  intimated,  it  is  today  not  much  more  than  a 
prospect. 

Turning  now  to  the  scientific  and  more  agreeable  side  of  the  subject, 
it  is  interesting  to  note  that  these  Santo  Domingo  copper  ores  are  in- 
variably found  in  volcanic  tuffs  and  that,  in  a  geologic  sense,  they  are  all 
very  old,  for  there  are  no  evidences  of  recent  volcanic  activity  in  the 
greater  Antilles,  of  which  this  island  is  the  second  largest.  The  existence 
of  copper  in  tuffs  in  different  parts  of  the  world  is  a  notable  fact.  Often, 
if  not  usually,  it  is  present  in  mere  traces,  but  not  infrequently  we  find 
it  in  sufficient  amount  to  be  of  economic  importance.  Thus,  for  example, 
chalcopyrite  and  bornite  occur  in  the  Tertiary  tuffs  of  Japan,  and  a 
number  of  producing  copper  mines  of  that  country  are  either  actually 
in,  or  closely  associated  with,  rocks  of  this  character.  Whether  the 
copper  minerals  are  original  primary  ores  in  the  tuffs,  or  were  derived 
from  accompanying  eruptive  dikes,  appears  not  yet  to  have  been  de- 
termined in  any  instance.  In  most  of  the  Japanese  cases  of  which  I 
can  find  any  record  the  tuffs  appear  to  be  associated  with  shales  and  Ume- 
stones.  These  Japanese  copper  ores  also  carry  some  gold,  especially 
in  the  upper  parts  of  the  veins;  in  this  they  resemble  the  Santo  Domingo 
deposits  which  not  infrequently  carry  as  much  as  $6  or  $7  per  ton  of  gold 
on  the  outcrop.    As  a  rule  the  content  of  gold  in  both  the  Japanese  and 


*  Received  June  29,  1915. 
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Santo  Domingo  deposits  decreases  in  depth  very  rapidly,  and  a  few  feet 
down  the  average  tenor  appears  to  be  about  $1.50  per  ton.  The  ex- 
planation is  simple;  the  copper  minerals  being  more  soluble  they  are 
leached  out  on  or  near  the  surface  leaving  the  gold  behind.  It  is  not, 
however,  so  easy  to  account  for  the  fact  that  visible  gold  is  often  present 
in  the  outcrop  oxidized  ores  and  never  perceptible  in  the  sulphides.  The 
only  explanation  that  offers  itself  for  this  peculiarity  is  that  the  gold  may 
in  some  manner  be  dissolved  and  then  reprecipitated  by  the  ferrous  sul- 
phate certain  to  be  present  in  waters  flowing  through  mineralized  and 
jungle-covered  rocks. 

The  Braden  Copper  mines  in  Chile  are  reported  to  be  in  the  perimeter 
of  a  volcanic  vent  filled  with  tuffs.  The  copper  sulphides  and  metallic 
copper  occur  in  seams  and  veinlets  in  diorite  and  brecciated  contact 
material.^ 

It  is  a  notable  fact  that  of  late  years  volcanic  tuffs  are  becoming  more 
and  more  to  be  recognized  as  the  habitat  of  metallic  minerals  and  ores. 
Rocks  of  this  character  are  not  always  readily  recognized  as  such,  being 
often  denominated  andesite,  olivine4)asalt,  diabase,  or  the  general  t«rm 
basic  eruptives.  In  view  of  the  fact  that  a  real  tuff  reaches  the  surface 
of  the  earth  as  a  volcanic  ejectment  in  the  form  of  dust  (sometimes  termed 
ash  or  mud)  to  be  consolidated  afterward  by  surface  phenomena,  whereas 
effusive  rocks  such  as  andesite,  diabase,  diorite,  etc.,  appear  as  magmas  or 
lavas  that  have  flowed  out  from  the  interior  of  the  earth,  this  confusion 
of  terms  is  unfortunate  and  bespeaks  a  carelessness  of  observation  and 
diagnosis.  It  is  evident  on  the  whole  that  copper  minerals  have  an 
affinity  for  tuffs  which  must  be  recognized,  and  it  may  not  be  going  too 
far  to  assume  that  such  volcanic  dust  is  the  original  source  of  the  copper 
we  find  in  the  fissures  of  the  rocks  which  have  resulted  from  the  con- 
solidation of  these  ejectments. 


1  Engineering  and  Mining  Journal^  vol.  Ixxxiv,  p.  1060  (Dec.  7,  1907.) 
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The  Formation  and  Distribution  of  Bog  and  Iron-Ore  Deposits 

Discussion  of  the  paper  of  C.  L.  Dake,  presented  at  the  San  Francisco  meeting, 
September,  1915^  and  printed  in  BuOetin  No.  103,  July,  1015,  pp.  1429*  to  1436. 

A.  C.  Lawson,  Berkeley,  Cal. — It  appears  that  our  bog-iron  ores  are 
due  in  a  large  measure  to  the  activity  of  certain  iron  bacteria,  and  a 
paper  dealing  with  this  subject  that  makes  no  reference  to  that  par- 
ticular agency  strikes  me  as  rather  curious. 

C.  L.  Dake,  RoUa,  Mo. — Mr.  Lawson's  criticism  that  this  paper 
makes  no  reference  to  the  activity  of  iron  bacteria  is  scarcely  true.  On 
p.  1430  I  stated:  "Certain  bacteria  precipitate  iron  by  building  the 
hydrated  oxide  into  their  body  cells,"  and  again,  "There  are  many  other 
means  by  which,  imder  special  conditions,  iron  may  be  precipitated  in 
nature.  Oxidation,  evaporation  of  CO2,  and  iron  bacteria  have  been 
held  to  be  the  most  important."  Thus  the  activity  of  bacteria  receives 
as  extended  mention  as  the  action  of  any  other  agency  in  precipitation  of 
iron.  The  paper  makes  no  pretense  of  covering  exhaustively  the  origin 
of  bog  ores,  but,  as  its  original  title  suggested,  refers  to  Some  Principles 
ControUing  the  Formation  and  Distribution  of  Bog  Iron  Ores.  Mr. 
Lawson  seems  to  have  entirely  missed  the  .main  thesis  of  the  paper,  which 
attempts  to  establish  some  relation  between  glaciation  and  abundance 
of  bog  ores  now  forming. 

Unfortunately,  I  have  no  immediate  access  to  the  Uterature  of  the 
subject,  but  my  best  recollection  is  that  the  data  regarding  iron  bacteria 
throw  no  light  whatever  on  the  cause  of  bog  ores  being  so  much  more 
abundant  within  the  limits  of  the  glaciated  regions,  and  being  reported 
much  less  frequently  from  the  tropics. 

This  lack  of  data  is  suggested  in  the  following  (p.  1434):  "It  has 
already  been  shown  that  bacteria  aid  in  the  precipitation  of  iron. 
Whether  tropical  conditions  increase  or  decrease  the  activity  of  such 
bacteria  is  unknown." 

Since  I  had  no  data  showing  that  iron  bacteria  were  in  any  way  re- 
sponsible for  the  pecuUar  distribution  of  bog  ores,  further  reference  to 
them  In  the  paper  cited  was  deemed  to  be  extraneous  to  the  subject. 

G.  H.  Cox,  Rolla,  Mo.  (communication  to  the.  Secretary*). — What 
appeals  to  me  as  being  the  most  interesting  and  important  part  of  the 
paper  is  the  conclusion  that  glaciation  has  in  general  been  the  chief  factor 
in  the  formation  of  bog-ore  deposits.  So  far  as  I  am  aware,  this,  if 
true,  constitutes  an  addition  to  our  knowledge  of  the  subject. 


*  Received  Oct.  9,  1915. 
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The  paper  with  its  references  will  be  a  valuable  starting  point  for  one 
interested  in  the  subject,  and  it  is  to  be  hoped  that  it,  will  increase  the 
interest  in  meteoric-iron  deposits  so  that  satisfactory  explanations  for 
the  solution  and  transportation  of  such  quantities  of  the  apparentlr 
almost  insoluble  iron  oxides  and  the  precipitation  of  this  material  a£ 
compounds  varying  in  composition  from  amorphous  iron  hydroxide 
to  crystalline  blue  hematite  will  be  forthcoming. 


Geology  of  the  Burro  Mountains  Copper  District,  New  Mexico 

Discussion  of  the  paper  of  R.  E.  Sombbs,  presented  at  the  San  Francisco  meeting, 
September,  1915,  and  printed  in  BuUeiin  No.  101,  May,  1915,  pp.  957  to  996. 

A.  C.  Lawson,  Berkeley,  Cal. — One  point  to  which  Mr.  Graton  (in 
summarizing  the  paper  for  us)  called  attention  is  that  the  author  had 
not  explained  why  some  copper  was  fixed  in  the  zone  of  oxidation.  I 
recollect  very  well  puzzling  over  that  question  at  Ely,  Nov.,  some  years 
ago.  Mr.  Sales,  in  his  paper  on  Butte,  ^  suggests  the  explanation.  It 
is  due  according  .to  him  to  the  paucity  of  pyrite  in  the  primary  ore. 
Where  there  is  abundant  pyrite  sufficient  sulphuric  acid  is  formed  bj 
oxidation  to  take  all  the  copper  into  solution  and  carry  it  to  lower  levels; 
but  where  the  pyrite  is  scant  so  .that  insufficient  sulphuric  acid  is  formed, 
some  of  the  copper  is  carbonated  and  so  fixed  in  the  gossan.  The 
hypothesis,  or  some  modification  of  it,  as  for  example  the  combination  of 
the  sulphuric  acid  with  lime,  would  appear  to  explain  satisfactorily 
the  fixation  of  the  copper  in  the  gossan  as  carbonate.  I  have,  howev^, 
had  no  occasion  in  recent  years  to  study  the  phenomenon. 

L.  C.  Gbaton,  Cambridge,  Mass. — ^As  I  remember,  the  rocks  in  which 
the  chrysocoUa  occurs  in  the.  Burro  Mountains  are  both  silicified  and 
kaolinized. 

It  seems  probable  that  in  surroundings  deficient  in  carbon  dioxide, 
complete  oxidation  of  chalcocite  may  yield  chrysocolla  up  to  a  maximum 
of  half  the  copper  in  the  chalcocite;  while  in  rocks,  like  garnet  contact 
zones  and  certain  easily  decomposable  porphyries,  surface  decomposition 
appears  often  to  yield  silica  in  the  necessary  form  to  convert  the  copper 
of  primary  sulphides  into  chrysocolla  immediately  and  directly  upon 
oxidation. 

^  Reno  H.  Sales:  Ore  Deposits  at  Butte,  Mont.,  Trans.,  xlvi,  p.  49  (1913). 
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Ventilation  of  tiie  Copper  Queen  Mines 

DiscufBion  of  the  paper  by  Charxjbs  A.  Mitkb,  presented  at  the  San  Francisco 
meetingi  September,  1915,  and  printed  in  BvUetin  No.  105,  September,  1915, 
pp.  1941  to  1958. 

Gerald  Sherman,  Bisbee,  Ariz. — Mr.  Mitke  justly  might  have  made 
much  stronger  his  claim  for  increase  in  efficiency  of  labor  due  to  the  in- 
troduction of  forced  ventilation.  The  product  per  man  shift  in  stoping 
in  the  Gardner  division  has  practically  doubled.  While  it  is  true  that 
improved  methods  have  been  responsible  for  a  great  part  of  this  gain, 
and  what  is  due  to  better  ventilation  cannot  be  definitely  known,  yet 
it  is  also  true  that  the  results  could  not  have  been  obtained  in  that  divi- 
sion as  it  was  in  1912. 

The  paper  discusses  the  two  systems  of  ventilation  in  use,  exhaust 
and  pressure.  In  both  the  object  is  the  same,  to  take  foul  air  or  gas 
out  of  the  mine  by  the  most  direct  course  and  replace  it  by  fresh.  In 
coal  mines,  the  exhaust  system  is  in  almost  universal  use,  and  since  the 
most  advanced  work  in  ventilation  has  been  in  that  class  of  mines,  it 
was  naturally  the  first  one  to  be  considered.  It  has  the  advantage  of 
leaving  all  adits,  shafts,  or  other  openings  free  for  use.  Doors  are  only 
needed  to  direct  the  course  of  the  air,  and  not  to  confine  it. 

Its  disadvantages  appear  in  case  of  fire,  or  if  the  ground  over  the  mine 
is  much  broken  by  subsidence.  The  fan-must  work  in  gas  in  the  case  of  a 
fire,  and  may  be  damaged  or  destroyed  either  by  heat  or  by  corrosive 
gas.  At  the  time  of  the  fire  in  the  Lowell  division  of  the  Copper  Queen, 
a  small  exhaust  fan  was  placed  over  a  ventilating  raise,  but  the  vanes 
and  housing  were  destroyed  by  sulphurous  gases  within  a  few  weeks. 

If  the  ground  above  the  mined  area  is  much  broken,  as  is  frequently 
the  case  when  the  ore  deposit  is  thick  vertically,  a  good  deal  of  air  is 
likely  to  pass  through  it,  particularly  if  it  is  near  the  surface.  Leakage 
from  this  source  is  a  loss  to  the  exhaust  system  by  short  circuiting, 
which  is  exaggerated  by  a  contraction  or  block  in  the  air  course.  It 
serves  as  an  added  outlet  in  the  pressure  system.  This  is  strikingly  shown 
at  the  United  Verde,  where  many  jets  of  steam  may  be  seen  coming  up 
through  the  ground  above  the  stoped*  country  on  a  cold  day. 

If  there  is  a  fire,  a  cave  in  the  air  course  between  it  and  the  exhaust 
fan  would  be  a  serious  matter,  while  in  the  pressure  system,  the  gases 
might  be  forced  out  through  the  broken  ground,  and  the  pressure  could 
be  raised  if  necessary  to  do  so. 

Mr.  Mitke  briefly  mentions  that  repairs  were  made  in  the  Lowell 
shaft  by  men  using  oxygen  helmets.  I  believe  that  members  of  the 
Institute  would  be  interested  to   hear  a  little  more  of  tMs  work. 

In  the  Lowell  fire  of  1911,  the  caving  of  an  air  course  diverted  sul- 
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phurous  gas  to  the  shaft  at  the  800  level,  through  which  it  passed  to  the 
surface.  As  all  mining  was  below  this  level,  workmen  entered  the  mine 
from  other  shafts,  but  for  some  little  time  cages  were  run  through  the 
gas,  carrying  waste  rock,  timbers  and  other  supplies.  The  lag  screw?, 
pipe  and  cable  hangers  wasted  rapidly  by  corrosion,  the  guides  loosened 
and  both  cages  finally  jammed,  although  they  were  afterward  pulled  out. 
Mr.  Mitke  was  borrowed  from  the  Stag  Canon  Fuel  Co.  at  Dawson. 
N.  M.,  one  of  the  Phelps,  Dodge  properties.  He  trained  a  crew  of  miners  in 
the  use  of  oxygen  helmets  and,  by  working  from  the  cages,  secured  and 
replaced  guides,  etc.,  cut  out  dead  power  cables  and  generally  repaire<i 
the  shaft  through  the  gas.  It  took  three  weeks  of  work,  in  two  shifts, 
with  frequent  relays  of  men.  That  it  was  done  successfully,  and  without 
accident,  is  due  to  Mr.  Mitke. 

Joseph  P.  Hodgson,  Bisbee,  Ariz. — Since  artificial  ventilation  has 
been  installed  at  the  Copper  Queen  mine,  the  benefits  have  been  so  great 
for  both  the  men  and  the  property  that,  while  other  things  have  entered 
into  the  problem  besides  ventilation  and  changes  in  mining  methods,  we 
are  anxious  and  willing  to  have  a  large  share  of  the  credit  bestowed  on 
the  ventilation  system.  It  was  adopted  after  careful  thought  and  much 
study,  and  we  are  well  pleased  with  it.  If  we  were  to  extend  our  venti- 
lation system,  or  to  put  one  in  anywhere  else,  we  would  certainly  install 
the  system  we  have  adopted,  as  it  gives  a  large  amount  of  air  per  man 
per  minute,  and  we  have  the  mine  at  all  times  under  pressure  so  that 
we  can  control  it  in  case  of  fire.* 


Underground  Mining  Systems  of  Ray  Consolidated  Copper  Co. 

Discussion  of  the  paper  of  Lesteb  A.  Blackner,  presented  at  the  San  Francisco 
meeting,  September,  1915,  and  priated  in  BvUetin  No.  102,  June,  1915,  pp. 
1249  to  1290. 

Sidney  J.  Jennings,  New  York,  N.  Y. — In  the  historical  part  of 
the  development  of  the  caving  system  discussed  by  Mr.  Blaekner,  I 
notice  the  absence  of  one  man's  name,  Charles  Henroten.  Mr.  Henroten 
used  the  caving  system  in  South  Africa  in  the  Kimberly  mines,  and 
realized  from  his  work  there  that  ground  would  cave  when  properly 
prepared.  I  think  it  is  due  him  that  his  name  should  be  mentioned  in 
connection  with  an  exposition  of  this  S3rstem  in  America. 
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The  Advantages  of  High-Lime  Slags  in  the  Smelting  of  Lead  Ores 

IMscussion  of  the  paper  of  S.  E.  Bbbthbrton,  presented  at  the  San  Francisco  meeting, 
September,  1915,  and  printed  in  BuUeiin  No.  104,  August,  1015,  pp.  1505  to 
1599. 

Anton  Eilbrs,  Brooklyn,  N.  Y.  (communication  to  the  Secretary*). 

While  the  advantages  in  the  use  of  high-lime  sUiceous  slags  in  lead 
smelting  which  Mr.  Bretherton  discusses  in  this  paper  are  obvious  under 
certain  economical  conditions,  he  gives  me  credit  for  the  introduction 
of  such  slags  when  it  does  not  belong  to  me.  It  is  true  I  did  considerable 
experimental  work,  o£F  and  on,  for  the  purpose  of  finding  such  slags, 
while  at  the  Germania  in  1877  and  1878,  but  I  did  not  have  occasion  to 
introduce  any  such  slags  for  regular  work,  because  I  had  no  ores  which 
fiitted  the  economical  conditions  for  using  high  silica  and  high  lime,  except 
in  isolated  cases  for  very  brief  periods.  On  the  contrary,  the  ores  I 
had  to  treat  were  mostly  very  ferruginous  and  very  low  in  silica,  so  that, 
economically,  I  was  compelled  to  run  nearly  always  on  slags,  which 
allowed  me  to  use  the  abundant  flux  I  had  without  cost. 

It  was  August  Raht  who  first  had  occasion  to  establish  and  use  for 
long  periods  a  slag  high  in  silica  and  lime,  and  low  in  iron.  This  was 
when  he  was  confronted  with  the  task  of  smelting  the  Horn-Silver  ores 
at  the  smelting  works  at  Franklin,  Utah,  with  as  Uttle  expenditure  for 
fluxing  material  as  possible.  .  I  was  at  that  time  in  Leadville,  Col.,  where, 
in  the  new  works  I  had  built,  the  Billings  and  Eilers  smelters,  I  had  occasion 
to  use  profitably  many  slags,  but  never  anything  as  high  in  the  earthy 
bases  and  in  silica  as  Mr.  Raht  had  to  use. 

On  Dec.  4,  1881,  Mr.  Raht  sent  me  the  following  tw6  analyses  of 

slags,  taken  from  the  regular  run  on  different  days,  and  the  remarks 

accompanying: 

I  II 

Per  Cent.  Per  Cent. 

SiOi 33.9  35.0 

FeO 26.8  25.4 

CaO 26.1  24.9 

BaO Not  det.  3.2 

A1,0, 10.8  9.3 

97.6  97.8 

Pb 0.6  0.8 

Ag 0.0  0.2 

I.  Produced  with  coke  «  15.2  per  cent. 

Bullion  163  ob.;  lead  contents  of  charge,  18.7  per  cent. 
Blast  pressure,  5)^  os.  per  square  inch. 
II.  Produced  with  coke  «  14  per  cent. 

Bullion  152  os.;  lead  contents  of  charge,  20.1  per  cent. 
Blast  pressure,  6^  os.  per  square  inch. 

*  Received  Sept.  8,  1915. 
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This  was  a  remarkably  clean  slag  and,  according  to  Mr.  Raht,  kept 
the  furnaces  m  excellent  condition  and  allowed  of  good  tonnages.  I 
looked  up  the  nearest  chemical  formula  that  I  could  derive  from  the  above 
percentages  and  foimd  the  following: 


3Fe0.2SiO,  +  4Ca0.2SiO 


2- 


Assuming  that  the  slag  consisted  only  of  silica,  iron  protoxide^and 
calcium  oxide,  it  gives  the  following  percentages: 

SiO, 35.28 

FeO 31.76 

CaO •. ...  32.94 


99.98 


and  assuming  that  12  per  cent,  of  iron  and  lime  was  replaced  by  foreign 
bases  (in  this  case  principally  AI2O3  as  given  by  Mr.  Raht)  the  following 
percentages  result: 

SiO, 35.28 

FeO 25.87 

CaO 26.83 

R.0 12.00 


99.98 


I  therefore  took  this  slag  of  Mr.  Raht's  to  be  a  "correct  slag"  with 
all  the  virtues  that  correct  slags  have. 

It  will  be  noticed  that  it  is  a  singulo-silicate  of  iron  and  lime  plus  a 
bisilicate  of  iron. 

I  occasionally  used  this  slag,  later  in  life,  with  advantage  in  both  lead 
and  copper  smelting. 

Mr.  Bretherton  also  kindly  credits  me  with  the  introduction  of  cast- 
iron  water  jackets.  Cast-iron  water  jackets  closed  on  top  with  an  outlet 
pipe  for  the  hot  water  on  the  side  near  the  top  (the  inlet  pipe  for  the 
cold  water  being  near  the  bottom  of  the  jacket)  were  in  use  at  a  few 
smelting  works  when  I  came  to  Salt  Lake  City,  but  frequent  burning  out 
on  account  of  steam  spaces  forming,  made  their  use  rather  costl}'. 
Together  Augustus  Steitz,  of  St.  Louis,  and  I  devised  a  jacket  with  an  open 
neck  7  in.  high,  of  box  shape,  on  the  top  of  the  jacket,  into  which  the 
cold-water  pipe  reached  down  10  or  12  in.  and  the  hot-water  outlet  pipe 
was  very  near  the  top  of  the  neck,  thus  preventing  any  steam  spaces  in 
the  jacket.  It  is  true  this  jacket  was  generally  introduced  where  cast- 
iron  jackets  were  used.  Some  people,  however,  used  costly  wrought- 
iron  jackets  in  preference,  the  reason  for  which  has  never  been  apparent 
to  me. 

The  advantages  which  Mr.  Bretherton  sets  forth,  derived  from  the 
use  of  high  SiOs  and  high  CaO  slags  in  general,  coincide  with  my  own 
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observations.  Of  course,  the  main  reason  for  using  such  slags  must 
always  be  the  economic  side  in  the  selection  of  flux,  but  the  other  in- 
cidental advantages  which  he  mentions  are  also  of  great  moment.  The 
elimination  of  arsenic  in  certain  charges  can,  according  to  my  experience, 
be  increased  by  cutting  the  fuel  percentage  slightly  below  that  needed  for 
perfect  reduction,  and  by  giving,  at  the  same  time,  say,  1  per  cent,  more 
CaO  than  the  formula  requires.  This,  however,  may  increase  the  silver 
loss  slightly. 


Some  Suggestions  Regarding  the  Determination  of  the  Properties  of 

Steel 

Discuaaion  of  the  paper  of  A.  N.  Mitinskt,  presented  at  the  San  Francisco  meeting, 
September,  1915,  and  printed  in  BuUetin  No.  104,  August,  1915,  pp.  1697  to  1705. 

Lawford  H.  Fry,  Burnham,  Pa.  (communication  to  the  Secretary*). 
— ^The  author  assumes  that  the  proportional  limit  and  the  elastic  limit 
are  coincident  or  very  nearly  so,  and  then  further  assumes  that  the  stress 
corresponding  to  these  two  points  is  the  least  stress  which  if  repeated 
will  cause  failure.  The  point  is  extremely  interesting  and  it  is  to  be  re- 
gretted that  the  author  did  not  quote  experimental  data  to  show  the 
relation  between  the  limit  of  repeated  stress  and  the  other  properties  of 
the  material. 

The  author's  suggestion  that  a  steel  of  poor  quality  may  have  a 
normal  value  for  the  3deld  point  and  tensile  strength  (see  Fig.  2)  and  an 
abnormally  low  elastic  limit,  and  that  this  will  correspond  to  a  low 
resistance  to  repeated  stress,  may  account  for  a  number  of  failures  of 
axles  in  which  the  tensile  tests  show  normal  physical  properties.  If 
so  and  if  a  determination  of  the  proportional  limit  would  have  eliminated 
the  material  before  it  was  put  into  service,  this  determination  will  merit 
most  earnest  attention.  It  appears,  however,  that  considerable  further 
research  is  necessary  before  any  definite  conclusion  as  to  the  quality  of 
a  steel  can  b^  drawn  from  its  proportional  limit.  Mr.  Mitinsky's  paper 
is  extremely  interesting  and  if  it  stimulates  thought  and  work  along  the 
lines  indicated,  it  may  prove  of  considerable  practical  benefit. 

H.  V.  WiLLB,  Philadelphia,  Pa. — The  paper  discusses  the  difference 
between  the  proportional  limit,  or  elastic  limit,  and  the  yield  point,  and 
refers  to  the  fact  that  much  harm  results  from  confusion  of  the  terms 
yield  point  and  elastic  limit.  Similar  confusion  has  arisen  in  this  country; 
the  American  Society  for  Testing  Materials  does  not  even  consider  the 
elastic  limit  and  proportional  limit  to  be  identical  and  recently  adopted 
the  following  definitions: 


^Received  June  3, 1915. 
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Elastic  limit  is  the  least  load  per  square  inch  which  produces  a  p&- 
manent  set  as  indicated  by  an  extensometer  with  a  degree  of  precisioii 
of  0.0001  in. 

Proportional  limit  is  the  load  per  square  inch  where  stress  (load  per 
square  inch)  and  deformation  (elongation)  per  iinit  of  length  cease  to 
be  proportional  to  each  other,  the  deformation  being  determined  by 
an  extensometer  with  a  degree  of  precision  of  0.0001  in. 

Yield  point  is  the  load  per  square  inch  at  which  a  distinctly  viable 
increase  occurs  in  the  distance  between  the  gage  marks  on  the  test 
specimen,  as  observed  by  using  accurate  dividers  or  an  equivalent  instru- 
ment, or  at  which,  when  the  load  is  increased  at  the  rate  hereafter  speci- 
fied, there  is  a  distinct  drop  of  the  beam  on  the  testing  machine. 

It  is  customary  in  this  country  to  determine  the  yield  i>oint  for  the 
softer  grades  of  material,  but  the  specifications  distinctly  require  that  the 
yield  point  is  to  be  determined  so  that  there  can  be  no  error  resulting 
from  the  incorrect  interpretation  of  the  results. 

Specifications  for  heat-treated  material  usually  require  a  determina- 
tion of  the  elastic  limit  and  so  that  there  can  be  no  misunderstandinf 
it  is  required  to  determine  the  elastic  limit  by  means  of  extensometers. 
The  determination  of  the  elastic  limit,  of  course,  requires  the  removal 
of  the  load  after  every  measurement  is  taken,  in  order  to  determine 
any  permanent  set  in  the  test  piece.  The  method  followed  is  essentially 
the  same  as  employed  in  the  German  laboratory.  The  proportional 
limit,  however,  can  be  determined  without  removal  of  the  load,  and  can. 
therefore,  be  more  readily  determined  than  the  elastic  limit. 

I  have  often  observed  a  point  of  deflection  in  the  stress-strain  dia- 
gram which  would  indicate  that  the  material  had  a  very  low  proportional 
limit,  but  we  have  usually  found  this  point  of  deflection  to  be  the  result 
of  some  inaccuracy  in  the  measurements  made  by  the  extensometer 
as  a  result  of  one  side  of  the  test  piece  stretching  more  than  the  other 
side.  None  of  our  experiments  show  that  it  is  possible  to  secure  an 
abnormally  low  proportional  limit  in  a  bar  which  has  been  annealed  at  a 
rather  high  temperature  or  in  one  which  has  been  finished  at  a  high 
temperature.  If  the  material  has  been  manufactured  from  a  homo- 
geneous ingot  our  results  show  that  the  proportional  Umit  is  never  less 
than  the  values  obtained  upon  a  thoroughly  annealed  sample  of  material. 
These  results  seem  to  be  confirmed  by  those  of  Mr.  Bauchinger  who 
maintains  that  the  number  of  reversals  of  reversed  stresses  of  a  given 
grade  of  material  depends  upon  its  homogeneity.  Our  own  experi- 
ments on  tires  bear  out  this  statement. 

Fig.  1  shows  a  portion  of  a  tire  which  developed  a  shell  spot  in  service. 

Fig.  2  shows  a  radial  section  of  this  tire  which  has  been  heated  and 
quenched  in  water  to  develop  any  cracks  which  existed  in  the  section  of 
the  tire.    It  will  be  noted  that  the  tire  contains  a  number  of  cracks 
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running  at  an  angle  of  45°  through  the  periphery  of  the  tire.  These 
cracka  are  precisely  of  the  same  nature  as  those  developed  in  testing  a 
cylinder  in  compression.    The  cracks  developed  while  testing  such  a 


Fia.  1. — Portion  or  Tire  Which  Hab  DeveIiOped  a  Shell  Spot  in  Sebvicb. 

cylinder  are  shown  in  Fig.  3  and  their  similarity  to  the  cracks  in  the  tire 
will  at  once  be  noted.  The  results  of  this  investigation  showed  that 
these  failures  resulted  from  two  causes: 


Fio.  2. — Radial  Section  of  Tibe,  Showm  in  Fig.  1,  Heated  and 
Qubncbed  in  Watbe, 

First,  lack  of  uniformity  in  the  ingot  from  which  the  tire  was  made. 
Second,  the  presence  of  coarse  grains  or  large  crystals  in  the  tire. 
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FiQ.  3. — Tbbt  Ctlindbb  Sbowino  Cbacks  Detblopbd  bt  Coupbession. 


Fio.  4.— Sicnoif  OF  Ikoot  Fsoh  WnoB  Tow  Axs  Now  Hadk. 
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When  a  sample  contfuning  large  crystals  suapended  in  a  matrix  ia 
subjected  to  a  compression  test  the  lai^  crystals  are  pressed  out  of  the 
matrix  and  when  subjected  to  repeated  toads  either  shell  out  or  develop 
cracks. 

Figs.  4  and  5  show  sections  of  the  ingot  from  which  tires  are  now  manu- 
factured and  their  almost  absolute  uniformity  will  be  noted  from  these 
photographs. 


Fia.  6. — Anotheb  Inoot  SecnoK  Sbowiko  UKiPomurr. 

Generally  speaking,  all  results  which  we  have  obtained  on  fatigue 
tests  show  that  the  material  of  high  elastic  limit  withstand  a  greater 
number  of  rotations  under  a  given  fiber  stress  than  material  having  a 
lower  elastic  limit,  irrespective  of  elongation  or  contraction  of  area. 

The  United  States  Government  made  a  aeries  of  extensive  experi- 
ments on  this  subject  at  the  Watertown  Arsenal  on  endurance  of  rotating 
shafts,  the  results  of  which  are  given  in  the  following  statement: 

These  results  show  an  enormous  increase  in  endurance  of  material 
having  high  elastic  limits  and  generally  confirm  the  views  of  Mr.  Mitinsky. 

I  am  also  giving  a  statement  showing  results  of  endurance  tests  on 
steels  of  different  carbon  limit  loaded  with  varying  fiber  stresses  and  these 
results  likewise  show  the  great  endurance  of  the_h^h-carbon  steel  or  a 
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steel  having  a  high  elastic  limit,  irrespective  of  elongation  or  reduction  cf 
area. 


Carbon 

Nickel 

Treatment 

Fiber 
Strees 

RotationB 

Elastio 
IJmit 

Tenaile     Elcmia- ,    Coa- 
Strencth       tioa     >  tnet» 

0.26 

0.26 

0.25 

0.25 

0.29 

0.29 

0.539 

0.539 

0.24 
0.24 
0.42 
0.42 
0.46 
0.46 
0.66 
0.66 

1.094 

3,282 
3,282 
4,514 
4,514 
5,661 
5,661 
27,353 
27,353 

•  ••*••• 

Annealed 
0.,  Q  &  A. 
Annealed 
0.,  Q.  &  A. 
Annealed 
0.,  Q.  A  A. 
Annealed 
0.,  Q.  &  A. 

Annealed 
0.,  Q.  &  A. 
Annealed 
0.,  Q.  A  A. 
Annealed 
0.,  Q.  A  A. 
Annealed 
0.,  Q.  A  A. 

40,000 
40,000 
40,000 
40,000 
40,000 
40,000 
40,000 
40,000 

40,000 
40,000 
40,000 
40,000 
40,000 
40,000 
40,000 
40,000 

30,000 
30,000 
30,000 
35,000 
35,000 

1,847,500 
1,815,200 
2,366,000 
3,296,700 
4,388,400 
3,795,200 
2,495,600 
1,088,200 

229,300 

348,000 

225,900 

655,600 

976,600 

1,657,500 

3,689,000 

4,323,600 

50,000,000 
12,547,600 
16,336,200 
13,871,000 
19,152,300 

51,500    81,370 
66,950    90,540 
61,610    95,490 

101,860  120,190 
80,090  108,840 

117,610  131,410 
48,060  104,820 
46,850    97,780 

40,560    71,240 
45,170    74,440 
44,290    80,885 
55,000    92,180 
48,060    94,600 
61,110  102,880 
65,205  124,200 
92,040  154,920 

28,75 
26.90 
24.80 
20.80 
22.50 
19.65 
47.50 
43.35 

32.30 
33.15 
23.00 
26.05 
21.16 
23.05 
7.15 
13.50 

61.09 
65.01 
57.13 
60.05 
58.71 
5S.8S 
'  63.10 
60.SO 

59  SI 
69.93 
56.70 
57,72 
47.65 
51.27 
17.28 
31.48 

0.733 

0.824 

....... 

0.824 

0.094 



1 1 

Tensile  Tests  and  Repeated  Stress  Tests  an 

.  Different  Carbon  Steek 

Desoription 
(Stoel) 

Elastic 

Limit  per 

Sq.  In., 

Lb. 

51.000 

Tensile 
St'gth  per 

68,000 

Elonga- 
tion in  4 
In.,  Per 
Cent. 

33.5 

Contrac- 
tion of 
Area,  Per 
Cent. 

51.9 

Mech'l 
Work  at 
Rupture 
per     Cu. 
In,Ft.-lb. 

982 

Max.    Fiber 

Stress  per 
9q«  In.,  Lb. 

No.    of    Ro- 
tationB at 
Rupture 

Medkl 
■      Workkt 
Rnptorepef 

Ft-lb' 

0.17  Carbon 

60.000 
50.000 
45.000 
40.000 
35.000 
30.000 

0.470 

17,700 

70,400 

293.500 

5,757.920 

*23.600.000 

32^ 
62,635 

665^ 

9.992,390 

♦29.SOO.000 

0.55  Carbon 

57.000 

106,100 

16.2 

18.7 

1,047 

60.000 
50,000 
45.000 
40.000 
35.000 
30,000 

12.490 

93.160 

166,240 

455,850 

900,720 

^19,870.000 

63,367 

828.000 

476.M0 

1.O32.I30 

1,563.1SS 

♦24,838.000 

0.82  Carbon 

63,000 

142,250 

8.5 

6.5 

888 

60,000 
55,000 
50,000 
45,000 
40,000 
35.000 

37,250 

93,790 

213,150 

005.400 

•l7.560.000 

*19.220.000 

100.044 

399.780 

75a465 

1,736.910 

♦40,973.000 

♦S3.635.000 

♦Not  ruptured. 
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In  this  connection  I  would  say  that  a  method  of  testing  has  recently 
been  suggested  to  determine  the  endurance  value  of  a  sample  of  steel 
without  consuming  a  vast  amoimt  of  time  which  this  test  requires. 

It  has  been  observed  that  when  a  test  piece  is  pulled  in  a  testing 
machine  the  temperature  thereof  falls  a^  a  result  of  the  stretching  or  ex- 
pansion in  the  molecules  of  the  sample  but  when  the  molecules  slide  over 
one  another  or  when  a  permanent  deformation  takes  place,  the  tempera- 
ture of  the  test  piece  rises.  The  load  at  which  this  change  takes  place 
has  been  very  accurately  measured  and  it  is  claimed  that  this  value  is  a 
measure  of  the  limit  of  indefinite  endurance  to  repeated  stresses.  This  is 
no  doubt  the  same  value  as  that  referred  to  by  Mr.  Mitinsky  and  it  is 
very  much  lower  than  the  point  at  which  a  permanent  set  is  first  ob- 
servable. 

Our  experiments  likewise  show  that  the  size  of  the  crystals  rather  than 
the  tensile  strength  is  a  dominating  factor  on  the  anti-abrasive  properties 
of  steel.  If  the  crystals  are  large  it  is  evident  that  they  are  easily  worn 
or  broken  while  if  they  are  small  it  will  require  a  greater  time  to  produce 
a  given  amount  of  wear.  Our  experiments  further  show  that  steel  with 
a  large-sized  cr3rstal  will  flow  under  load  more  readily  than  a  steel  with 
small-sized  cr3rstals  and  it  is  evident  that  the  greater  number  of  smaller 
crystals  eAibit  a  greater  resistance  than  a  small  number  of  large  crystals. 
These  results  are  generally  confirmatory  of  Mr.  Mitinsky's  experi- 
ments. 

Henry  M.  Howu,  New  York,  N.  Y.  (communication  to  the 
Secretary*). — Chief  Engineer  Mitinsky  has  put  us  under  obligation  by 
his  extremely  interesting  paper  on  this  very  important  subject.  The 
total  expense  to  which  the  community  is  put  by  our  feeling  obliged  to 
make  several  different  reception  tests  is  very  large,  and  could  be  greatly 
reduced  if  we  could  be  confident  that  a  single  test  were  sufficient.  The 
matter  is  so  important  that  it  is  to  be  hoped  that  Mr.  Mitinsky  will 
favor  us  with  a  much  fuller  indication  of  his  authority  for  his  statements 
concerning  the  importance  of  the  proportional  limit. 

Without  wishing  to  deny  the  eight  suggestions  with  which  he  closes 
his  paper,  I  must  say  that  there  is  much  evidence  which  does  not  agree 
closely  with  what  he  says.  For  instance,  in  the  extremely  trustworthy 
work  of  Ewing  and  Humfrey*  on  very  uniform  Swedish  iron  with  a  pro- 
portional limit  of  12  to  13  tons,  they  find  that  slip  bands  appeared  after 
repetitional  stress  under  a  fiber  stress  of  6.9  tons,  or  not  much  over  one- 
half  of  the  proportional  limit.  When  it  was  7.3  tons,  slip  bands  appeared 
and  broadened  in  such  a  way  as  to  suggest  that  they  would  in  time  cause 


*  Received  Aug.  26,  1915. 
>  The  Fracture  of  Metals  under  Repeated  Alternations  of  Stress,  Philosophical 
TranaacUons  of  the  Royal  Society ,  A,  vol.  cc,  p.  241  (1903). 
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rupture,  though  the  stress  was  only  58  per  cent,  of  the  proportional  limit 
Finally  when  the  stress  was  9  tons  or  more  it  invariably  led  to  niptuie. 
although  it  was  not  more  than  75  per  cent,  of  the  proportional  Umit 

Other  evidence  showing  that  the  proportional  limit  is  materially  bevoDd 
the  safe  working  load  for  repeated  stresses  is  the  assertion  of  no  less 
eminent  authority  than  J.  E.  Howard.*  He  says  that  "a  load  of  (m^ 
half  the  tonsile  elastic  limit  and  less  than  one-third  its  tensile  streogtl 
will  in  comparatively  short  time,  by  means  of  repeated  stresses,  rupture 
one  of  these  rotating  shafts." 

My  own  interpretation,  which  I  believe  is  also  that  of  Mr.  Howard 
is  that  the  results  which  he  had  in  mind  in  writing  this  were  based  cc 
material  in  which  the  proportional  limit  had  been  raised  unduly  by  coc 
rolling.  Mr.  Howard's  expression  "elastic  limit"  is  to  be  interprets 
as  referring  to  the  proportional  limit. 

The  proportional  limit  is  very  greatly  influenced  by  the  fini-shirt 
temperature  and  by  cold  rolling.  It  is,  in  my  opinion,  probable  that  ttc 
elevation  caused  by  cool  rolling  within  ordinary  industrial  practice  i* 
wholly  fictitious  as  r^ards  the  endurance.  So  that  in  this  respect  tbf 
proportional  limit  alone  is  not  a  trustworthy  guide  to  the  endurance. 

Mr.  Mitinsky's  eighth  suggestion  would,  I  think,  be  a  closer  approxi- 
mation to  the  truth  if  it  said  that  if  the  total  range  of  stress  from  tbe 
greatest  plus  to  the  greatest  minus  stress  does  not  exceed  the  proportioci 
limit  as  determined  in  a  tensile  test,  no  niunber  of  repeated  stresses  rl 
destroy  the  metal.  That  is  to  say,  it  is  rather  the  total  range  of  st*^ 
than  the  maximum  stress  reached  in  either  the  tensile  or  compre&Te 
phase  that  counts  in  tending  to  break  the  metal  down. 

I  have  yet  to  see  any  clear  proof  that  the  endurance  is  more  closeh 
related  to  the  proportional  limit  than  it  is  to  either  the  yield  point  or  the 
tensile  strength.  I  do  not  deny  that  the  proportional  limit  is  the  mor. 
trustworthy  of  the  three,  but  I  do  say  that  I  have  not  yet  seen  evident 
to  prove  that  it  is,  and  that  I  should  value  evidence  to  this  effect  veiy 
greatly. 

His  statement  "the  proportional  limit  cannot  however  be  carried 
above  the  yield  point"'  seems  to  require  some  explanation.  Will  ke 
favor  us  with  his  authority  for  this  assertion? 

While  it  is  true  that  the  artificial  raising  of  the  proportional  limit  in 
tension  by  repeated  stresses  is  accompanied  by  corresponding  reduction 
in  the  proportional  limit  in  compression,  this  is  not  true  according  to  mv 
own  observations  of  single  applications  of  tension  and  compression. 
On  the  contrary,  I  find  that  a  single  application  of  tensile  overstrain  i^ 


»  Tran8.y  xxiv,  p.  777  (1894). 

\BulUtin  No.  104,  p.  1699,  (August,  1915.) 
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sotropic  in  its  action,  strengthening  the  metal  in  compression  and  tension 
jqually.* 

Mansfield  Merriman,  New  York,  N.  Y.  (communication  to  the 
Secretary*). — The  conclusions  of  the  author  regarding  the  value  of  the 
3roportional  limit  seem  valid  for  static  stresses  and  also  for  stresses  due 
to  loads  applied  without  sudden  shocks.  For  bridge  members  I  agree 
that  the  proportional  limit  is  the  most  important  property  to  be  specified 
sr  determined  by  test.  Perhaps  a  sudden  shock  may  be  defined  as  an 
application  of  a  load  which  causes  local  injury  to  the  material.  Railroad 
rails  are  subject  to  such  shocks  due  to  imperfections  of  track  and  running 
gear;  moreover  the  rail  itself  may  have  defects  due  to  lack  of  care  in 
manufacture  and  these  are  especially  liable  to  develop  further  under  the 
action  of  sudden  shocks. 

The  drop  test  now  used  in  this  country  aims  to  imitate  the  shocks 
that  occur  to  the  rail  in  service  and  also  to  discover  the  internal  defects 
of  the  metal.  This  test  has  proved  very  valuable  in  insuring  better 
qualities  of  rails  than  would  otherwise  be  possible. 

I  am  of  opinion,  however,  that  a  test  for  proportional  limit  ought  to 
be  introduced  into  rail  specifications.  The  arguments  of  the  author  in 
favor  of  this  seem  sound  except  that  he  does  not  sufficiently  consider 
sudden  shocks.  For  resistance  against  such  shocks  the  drop  test  seems 
necessary.  But  under  fair  conditions  of  track  it  is  found  that  the  per- 
centage of  rail  failures  is  very  small,  and  hence  it  appears  that  the  quality 
of  the  large  percentage  of  rails  which  do  not  break  might  be  improved  by 
mtroducing  into  the  specifications  a  requirement  for  proportional  limit. 

Jambs  E.  Howard,  Washington,  D.  C.  (commimication  to  the 
Secretary  t). — The  remarks  of  Mr.  Mitinsky  are  directed  to  methods  of 
test  having  to  do  with  railway  material.  The  special  feature,  which  is 
peculiar  to  the  Russian  specifications  for  rails,  consists  in  the  deter- 
mination of  the  elastic  limit  of  the  finished  shape,  inferentially 
making  that  value  the  basis  for  the  working  stresses  in  the  track. 

The  author  remarks  upon  the  position  held  by  Hooke's  law  in  the 
calculations  for  engineering  structures,  without  which  it  would  be  im- 
possible to  design  such  structures  intelligently;  refers  to  the  elastic 
limit  as  the  important  factor  in  establishing  a  limit  on  the  allowable 


^  Are  the  Effects  of  Simple  Overstrain  Monotropic?  Proceedings  of  the  American 
Society  for  Testing  Materials,  vol.  xiv,  1914.  Etude  sur  lea  Proprietes  Physiques  et 
Mecaniques  des  Metaux,  Congres  International  des  Methods  d*Essaij  Paris  Exposition, 
vol.  i,  p.  270  (1900).  See  also  Galy-Ach6,  Memoires,  Revue  de  MetaUurgie,  vol.  x, 
p.  587  (1913). 

*  Received  Sept.  7,  1915.  t  Received  Oct.  1,  1915. 
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stressesi  and  the  need  of  fixing  the  limits  of  the  working  stresses  with 
reference  to  the  elastic  limit. 

Those  tests  are  desirable  which  furnish  exact  information  on  iha 
physical  properties  of  the  materials  which  are  used,  hence  the  determina- 
tion of  the  elastic  limit  of  the  rail  commends  itself.  The  acquisition  of 
this  information  also  carries  with  it  the  associated  idea  that  equafiy 
exact  knowledge  will  be  acquired  concerning  the  stresses  in  the  track,  m 
order  that  the  working  or  track  stresses  shall  bear  their  proper  rd&tic^i 
to  the  elastic  limit  of  the  steel.  The  argument  for  exact  testing  loses 
much  of  its  force  if  the  stresses  to  which  the  materials  are  to  be  ^q>08ed 
remain  undefined. 

As-  a  method  of  test  there  appears  no  practical  difficulty  in  deter- 
mining the  elastic  limit  of  the  rail.  With  the  introduction  of  such  t€^- 
ing  facilities  as  would  naturally  follow,  the  determination  of  the  elastie 
limit  might  be  done  very  expeditiously,  closely  competing  with  current 
tests  in  respect  to  the  total  time  of  handling  the  material.  Tests,  how- 
ever, are  not  to  be  judged  according  to  the  time  required  to  make  thenu 
but  fundamentally  from  the  information  which  they  furnish. 

The  drop  test  perhaps  has  the  distinction  of  furnishing  about  as 
limited  an  amount  of  information  as  any  which  may  be  mentioned. 
It  has  not  been  claimed  for  it  that  it  tells  the  value  of  the  elastic  limit. 
It  is  not  uncommonly  supposed  to  have  a  relation  to  service  conditioss 
of  the  rail  in  the  track,  although  the  relation  is  not  as  close  as  at  first 
sight  appears. 

The  striking  velocity  of  the  tup  of  the  drop  test  is  much  lower  thsn 
the  velocity  of  high-speed  trains.  The  blow  of  the  tup  is  one  of  retarded 
velocity  and,  unless  the  rail  fractures,  comes  to  a  state  of  rest  at  the  time 
of  maximiun  strain.  The  loading  of  the  rail,  as  accomplished  in  the 
track,  is  without  retardation  of  speed.  So  far  as  known,  there  is  no  lae 
in  the  display  of  elastic  extensibility  in  steels  by  rapidity  of  loadiog. 
From  this  it  would  appear  that  the  part  of  the  drop  test  having  to  do 
with  the  elastic  extension  of  the  metal  was  without  special  efficacy.  The 
final  portion  of  the  test,  during  which  the  rail  receives  a  permanent  set. 
constitutes  a  stage  which  does  not  or  should  not  have  its  .counterpart  Ib 
the  track. 

It  is  desirable,  however,  that  information  be  at  hand  on  the  effect 
of  rapidly  applied  loads,  of  speeds  up  to  and  beyond  ordinary  train 
speeds,  with  loads  capable  of  giving  different  amounts  of  permanent  sets. 
Such  tests  possess  a  research  character,  upon  which  the  ordinary  drop 
test  has  very  little  bearing.  There  was  occasion  in  a  report  of  the  Inter- 
state Commerce  Commission,  dealing  with  a  broken  rail  which  caused  a 
derailment  in  December,  1911,  to  refer  to  a  test  made  under  static  con- 
ditions in  a  testing  machine,  saying:  "This  test  permitted  of  the  de- 
termination of  the  elastic  limit  of  the  rail,  an  important  factor  in  the 
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strength  of  materials,  but  not  ascertained  in  the  prescribed  drop  test/' 
On  that  occasion  it  was  also  shown  that  the  elongation  in  the  drop  test 
was  from  5  to  7  per  cent.,  while  in  the  testing  machine  the  rail  bent 
through  an  angle  of  30^  without  rupture,  the  extension  of  the  metal  reach- 
ing 16  per  cent.  It  is  the  fimction  of  a  research  inquiry  to  develop  the 
influence  of  rapidly  applied  loads  taken  at  different  temperatures  and 
the  effect  of  cross-section  of  rail.  It  is  not  established  that  a  limited 
range  in  striking  velocities,  varied  according  to  the  weight  of  the  rail, 
has  real  significance  and  furnishes  reliable  data  on  the  properties  of  the 
rail. 

These  thoughts  lead  to  giving  a  preference  to  a  test  which  has  the 
merit  of  furnishing  a  well-defined  value,  and  one  which  in  apparently  all 
engineering  matters,  except  rails,  is  recognized  as  the  factor  most  needed. 
Concerning  the  sharpness  of  definition  of  the  elastic  limit,  that  will 
depend  upon  the  grade  of  the  steel  and  the  rate  of  cooling  and  relative 
thickness  of  the  different  parts  of  the  rail.  Internal  strains  in  cooling 
and  differences  in  the  elastic  limit  of  the  thick  and  thin  parts  of  the 
cross-section  will  ordinarily  result  in  some  vagueness  in  establishing  the 
elastic  limit  of  the  rail  as  a  whole.  Failure  to  recognize  influences  which 
tend  to  cause  local  sets  has  led  to  confusion  in  judging  of  the  elastic  limit 
of  steels.  It  is  well  to  bear  in  mind  that  it  has  not  been  shown  that  any 
change  in  the  value  of  the  modulus  of  elasticity  occurs  until  there  is  an 
overstraining  load  on  the  metal. 

Methods  of  test  form  only  a  part,  and  perhaps  a  minor  part,  of  the 
rail  question.  In  fact,  it  almost  seems  futile  to  consider  the  careful 
determination  of  a  property  of  the  rail  when  service  conditions  so  generally 
result  in  overloading  that  particular  feature  to  which  attention  is  directed. 
Rails  present  an  example  in  which,  very  commonly,  there  is  an  overload, 
exce^eding  the  elastic  limit,  the  vital  question  touching  upon  the  ultimate 
result  and  what  constitutes  the  elements  of  safety  in  the  use  of  the  rails 
under  such  circumstances. 

The  cold  rolling  by  the  wheels,  when  the  rail  is  in  the  track,  introduces 
internal  strains  which  are  evidence  that  the  elastic  limit  of  the  steel  has 
been  surpassed.  This  is  a  matter  of  common  occurrence  from  which 
few  if  any  rails  are  exempt.  The  higher  the  wheel  loads,  the  deeper  the 
penetration  of  their  effects,  and  the  more  of  the  metal  thus  disturbed. 
The  internal  strains  introduced  attain  values  not  infrequently  ex- 
ceeding the  direct  bending  stresses  of  certain  of  the  wheel  loads.  They 
are  strains  of  compression  in  the  metal  immediately  next  the  running 
surface  of  the  head  of  the  rail,  while  there  are  strains  of  tension  in  the 
center  of  the  head  which  furnish  the  necessary  reaction  to  the  compressive 
strains.  In  some  recent  tests  conducted  by  the  Interstate  Commerce 
Commission,  in  connection  with  rail  failures,  compressive  strains  were 
measured  in  rails  from  service  exceeding  21,000  lb.  per  square  inch 
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equivalent  stress  and  over  9,000  lb.  per  square  inch  tension  in  the  eente: 
of  the  head.  It  will  be  seen  that  these  results  explain  the  f onnation  c: 
the  development  of  transverse  fissures  in  the  heads  of  rails. 

These  internal  strains  which  are  set  up  by  the  action  of  the  wb^ 
on  the  head,  on  the  running  surface  and  on  the  gage  side  of  the  head, 
do  not  appear  to  have  attracted  attention,  although  they  seem  to  ^Rcd 
a  direct  measure  of  the  effects  of  high  wheel  loads.  In  combination  with 
the  bending  stresses,  they  reduce  the  magnitude  of  the  tensile  strains  in 
the  fibers  of  the  head  most  remote  from  the  neutral  axis  of  the  sectioiL 
while  increasing  the  tensile  strains  of  the  interior  fibers.  The  cold  roUisc 
embrittles  the  steel,  as  made  manifest  in  the  loss  of  ductility  in  raOs  boz. 
service  when  loaded  to  destruction,  with  the  head  in  tension. 

In  a  practical  way,  the  greatest  interest  attaches  to  such  tests  as 
are  calculated  to  insure  the  acceptance  of  rails  which  give  the  best  service 
in  the  track.  Chemically  hard  rails  resist  abrasion  in  a  very  satisfacta7 
manner.  They  have  furnished,  however,  a  large  percentage  of  those  im 
which  have  displayed  transverse  fissures.  Tests  for  acceptance  do  dc^ 
cover  such  cases  of  failure.  Against  fatigue  failure,  by  repeated  stresses, 
current  tests  furnish  no  data.  It  would  be  an  aid  to  have  the  ehsde 
limit  of  the  rail  determined,  still  the  influence  of  the  internal  stnis 
from  the  action  of  the  wheels  introduces  a  factor  concerning  which  tkre 
is  lack  of  information. 

The  development  of  transverse  fissures  seems  to  be  the  only  tjpt 
of  failure  due  to  repeated  stresses,  the  type  chiefly  or  solely  due  to  streae 
which  approach  the  elastic  limit,  in  longitudinal  tension.  To  prdo;^ 
the  life  of  the  rail,  one  or  both  of  the  component  factors  should  be  le 
duced,  either  the  section  of  the  rail  so  .increased  that  the  longitudm 
tension  shall  be  materially  decreased,  or  the  wheel  loads  reduced  tc 
effect  a  reduction  of  the  internal  strains. 

In  discussing  the  rail  question  it  is  rather  difficult  to  keep  close  to 
the  matter  of  specifications  and  tests.  Features  not  directly  p>ertaini£| 
to  tests  and  specifications,  as  they  are  being  currently  carried  out,  force 
themselves  into  prominence  and  make  the  tests  appear  subordinate  to 
other  considerations. 

On  the  one  hand,  high  wheel  loads  and  hard  steels  show  a  tendencr 
to  develop  transverse  fissures,  constituting  a  track  condition;  on  the 
other  hand,  the  presence  of  laminated  and  seamy  steel  leading  to  sfjit 
heads  and  base  fractures  constitutes  a  mill  condition.  Those  are  the 
vital  features  which  have  to  do  with  a  large  share  of  rail  failures. 

It  would  appear  to  some  that  knowledge  of  the  chemical  compositio!: 
of  the  steel  and  the  finishing  temperature  of  the  rail  would  furnish  izh 
formation  from  which  the  elastic  limit  of  the  rail  might  be  judged.  Thst 
information  would  probably  constitute  the  basis  on  which  the  steel 
maker  would  proceed  in  the  manufacture  of  the  rails  to  meet  giTec 
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specifications  for  the  elastic  limit.  This  idea  carried  out  might  lead  to 
less  testing  and  more  complete  knowledge  of  the  processes  of  manu- 
facture. The  fact  of  making  a  test  implies  there  is  a  doubt  concerning 
the  product.  The  test  piece  does  not  remove  the  doubt  concerning  the 
next  heat  of  steel,  nor  furnish  absolute  data  concerning  other  portions  of 
the  heat  it  is  supposed  to  represent.  The  principal  safeguard  lies  in  the 
possession  of  knowledge  of  the  processes  of  manufacture,  in  the  production 
of  the  desired  grade  and  quality  of  steel;  then,  since  there  is  an  ultimate 
limit  to  the  endurance  of  all  steels,  adopting  and  providing  such  condi- 
tions of  service  as  the  steel  is  capable  of  sustaining  with  safety. 

Gbobqe  K.  Bubgbss,  Washington,  D.  C.  (communication  to  the 
Secretary*). — Mr.  Mitinsky's  paper,  embodying  as  it  does  descriptions 
of  test  methods  so  greatly  at  variance  with  those  practices  with  which  we 
are  familiar  in  specifications  for  railway  materials,  is  of  very  great  interest 
and  value.  That  it  is  a  simmiary  of  some  of  the  methods  employed  and 
results  obtained  by  the  Department  of  Tests  of  the  Russian  State  Rail- 
ways, gives  very  great  weight  to  the  conclusions. 

To  define  and  interpret  adequate  tests  for  some  of  the  classes  of  rail- 
way material,  such  as  axles,  tires,  rails,  and  wheels,  has  been  and  still  is 
a  very  perplexing  matter;  and  the  types  of  specification  for  these  materials 
are  being  constantly  questioned  and  revised.  * 

Mr.  Mitinsky  concludes  "that  if  a  rail  or  a  tire  shows  a  high  propor- 
tional limit  and  sustains  satisfactorily  a  drop  test,  the  steel  is  of  as  good 
quality  as  can  be  desired;"  all  other  tests,  both  chemical  and  physical, 
he  considers  superfluous. 

This,  of  course,  is  in  strong  contrast  with  many  American  specifications 
for  articles  of  steel,  with  their  rather  sharply  defined  chemical  limitations, 
oftentimes  accompanied  by  manufacturing  restrictions  and  complemented 
by  physical  tests  of  various  kinds. 

Most  of  the  European  countries  also  have  even  more  elaborate  ac- 
ceptance tests  of  railway  materials  such  as  rails  and  tires;  although, with 
the  exception  of  the  United  Kingdom,  where  for  rails,  the  limits  of  C, 
Mn,  Si,  P,  and  S  are  specified,  as  is  the  United  ^States .  practice,  the 
chemical  requirements  are,  in  appearance  at  least,  less  exacting  for  rails. 
Thus,  in  Italy  only  the  maximum  P  and  S  contents  are  specified,  in 
France  C  and  P  or  C,  or  even  nothing  chemical  is  specified  depending  on 
the  railroad,  and  this  last  is  also  the  practice  of  Holland,  Austria  and 
Germany,  while  Sweden  specifies  only  the  P  content. 

There  is  as  great  variation  among  the  physical  tests  of  rails  required 
in  the  several  countries,  and  in  the  United  States,  from  one  railroad  to , 
another,  in  spite  of  the  standardizing  societies.    There  is  the  practically 


*  Received  Oct.  23,  1915. 
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material  in  service,  tested  by  the  methods  he  describes,  would  be  of  great 
interest. 

The  following  incident  is  not  without  significance:  Not  long  ago,  I 
was  showing  to  a  Russian  engineer  of  railways  a  typical  case  of  the  failure 
known  as  ''transverse  fissure"  in  a  rail;  his  comment  was  ''That  could  not 
occur  in  Russia/' 

Gabtano  Lanza,  Philadelphia,  Pa.  (communication  to  the  Sec- 
retary*).— In  this  paper  Mr.  Mitinsky  makes  a  strong  plea  for  deter- 
mining the  proportional  limit  in  practical  commercial  testing,  and  for 
basing  upon  it  the  value  of  the  working  strength  to  be  employed  in 
designing.  He  also  deplores  the  too  general,  erroneous  custom  of  con- 
fusing it  with  the  yield  point,  and  seeking  the  latter  instead  of  the  former, 
in  order  to  save  time  in  testing.  He  points  out  that  the  two  are  very 
different;  that  from  the  one  the  other  cannot  be  inferred,  and  that  the 
yield  point  is  not  a  suitable  quantity  upon  which  to  base  the  working 
strength  to  be  used  in  practice.  He  calls  attention  to  the  fact  that,  if 
we  employ  a  continuous  motion  of  the  machine,  a  slow  speed,  and 
apparatus  of  sufficient  accuracy  and  delicacy,  the  experimental  deter- 
mination of  the  proportional  limit  need  not  take  more  than  15  or  20 
min. 

As  to  basing  upon  the  proportional  limit  the  value  of  working  strength 
to  be  adopted,  I  will  say  that  in  my  opinion  its  determination  ought  to 
rest  upon  a  consideration  of  the  proportional  hmit  and  the  ultimate 
strength  together,  and  not  upon  one  of  them  to  the  exclusion  of  the 
other.  Indeed,  were  the  ultimate  strength  disregarded,  it  would  be 
possible  to  so  treat  the  steel  as  to  raise  the  proportional  limit  artificially 
to  such  an  extent  that  the  working  strength  chosen  would  be  too  large  a 
fraction  of  the  ultimate  strength  to  insure  safety. 

The  paper  seems  to  imply  that  the  proportional  limit  is  identical  with 
the  breaking  strength  for  repeated  and  alternate  stress.  This  is  probably 
approximately  true  for  perfectly  sound  material  free  from  sharp  corners 
and  from  abrupt  changes  of  section,  but  in  the  case  of  such  metal  as 
is  in  common  use,  with  its  ordinary  defects,  blow-holes,  segregation, 
etc.,  and  with  more  or  less  sudden  changes  of  section,  the  proposition  is 
at  least  doubtful,  and  much  experimental  work  on  repeated  and  alternate 
stresses  is  needed  to  determine  the  actual  facts.  In  the  light  of  our 
present  knowledge  it  would  not  be  safe  to  assume  that  the  results  of 
such  tests  could  be  predicted  without  making  them. 


♦  Received  Oct.  25,  1915. 
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The  Pacific  Coast  Iron  Situation 

DiBCUssion  of  the  paper  of  Chablbs  Colcock  Jones,  presented  at  the  San  Ftazkavo 
meeting,  September,  1915,  and  printed  in  Btdleiin  No.  105,  September,  1915|  pp. 
1887  to  1898. 

D.  A.  Lton,  Salt  Lake  City,  Utah. — For  some  years  I  have  been 
interested  in  the  iron-ore  deposits  of  the  Pacific  Coast,  and  I  feel  yery 
much  indebted  to  Mr.  Jones  for  the  information  he  has  given  us  on  this 
subject.  I  think  that  we  are  also  very  much  indebted  to  him  for  having 
presented  this  paper,  as  he  has  given  us  reliable  data  in  shape  of  facts 
and  figures,  which  is  just  what  we  need  in  considering  whether  or  not  it 
would  be  commercially  feasible  to  attempt  to  establish  an  iron  and  st^ 
industry  on  the  Pacific  Coast.  Personally,  due  to  lack  of  market, 
I  do  not  think  it  is  a  commercially  feasible  proposition  at  the  present 
time.  Mr.  Jones  states  that  pig  iron  can  be  produced  on  this  coast  as 
cheaply  as  it  can  be  produced  in  Pittsburgh.  Even  so,  what  can  be  done 
with  it  after  it  is  produced?  To  begin  with,  iron  produced  on  the 
Pacific  Coast  has  to  compete  with  iron  produced  in  China.  Last  year 
I  had  occasion  to  investigate  the  subject  of  the  market  for  iron  and  steel 
on  the  Pacific  slope,  and  found  that  it  was  possible  for  the  produoeis  of 
Chinese  iron  to  sell  it  for  much  less  than  the  price  for  which  iron  can 
be  produced  in  the  West,  and  also  for  less  than  eastern  pig  iron  is  now 
sold  for,  even  when  shipped  through  the  Panama  Canal.  I  was  informed 
that  the  agents  for  Chinese  iron  had  instructions  to  sell  it  for  SI  or  S2  less 
per  ton  than  that  asked  for  other  irons  on  the  market.  Of  course,  I  re- 
alize that  the  competition  of  Chinese  iron  may  not  be  important,  but  even 
if  it  is  not,  and  even  though  pig  iron  can  be  produced  at  the  cost  given 
by  Mr.  Jones  in  his  paper,  I  do  not  see  any  immediate  chance  of  its  being 
so  produced,  due  to  lack  of  market. 

C.  C.  JoNBS,  Los  Angeles,  Cal. — Mr.  Lyon  is  right.  It  is  a  fact  that 
Chinese  pig  is  being  sold  in  San  Francisco  on  some  large  contracts  at 
$18.50  a  ton,  while  $19  is  the  usual  price.  We  ought  to  produce  iron  on 
this  coast  at  $14.  Personally  I  do  not  think  Chinese  iron  is  ever  going  to 
be  an  important  factor.  It  is  a  bugbear  out  here  now.  You  are  not 
going  to  have  much  Chinese  pig  iron  in  this  country.  Our  little  friend 
Japan  is  going  to  absorb  everything  it  can.  The  price  of  Chinese  pig  iron 
at  $18  is  about  as  low  as  it  will  ever  get.  If  we  can  show  you  that  we  can 
produce  this  iron  here  at  the  same  price  as  at  Pittsburgh,  I  think  you  will 
have  a  good  opportunity  to  compete  with  anything  China  or  India  can 
ever  do.  Costs  there  are  very  low  now.  They  are  going  to  come  up  by 
leaps  and  bounds  in  the  next  few  years.  The  labor  cost  over  there  may 
be  very  low  now,  but  I  have  seen  some  men  from  there  quite  recently 
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"wlic  say  the  costs  are  going  up.    Those  people  can  not  live  under  the 
conditions  that  are  imposed  upon  them  at  the  present  time. 

The  best  market  is  not  in  rails  and  heavy  structural  steel  but  in  the 
smaller  diversified  industries.    That  is  the  point  I  am  trying  to  make. 
Tlie  idea  is  not  to  try  to  take  away  the  steel  rail  business  or  the  big  steel 
plate  business  from  Pittsburgh  but  to  install  a  blast  furnace  and  equip- 
ment to  make  special  steel. 

Carl  H.  Booth,  Chicago,  111. — Outside  of  a  lack  of  a  market  I  fed 

that  there  is  one  other  weakness  in  the  situation  at  this  time,  and  that  is 

the  lack  of  men  who  know  how  to  do  the  work.     In  my  rather  brief 

investigation,  I.  find  that  there  are  few  men  on  the  Pacific  Coast  really 

experienced  in  steel  work.    With  the  exception  of  charcoal  and  coke, 

the  natural  resources  are  plentiful  and  the  materials  required  for  the 

manufacture  of  iron  and  steel  can  be  obtained  at  low  cost.     My  chief 

criticism  has  been  this  lack  of  men  with  proper  experience.    I  have  just 

come  from  a  trip  to  Los  Angeles.    There  are  a  number  of  machinery 

manufacturers  there  who  freely  complained  about  the  quality  of  the 

steel  castings  produced  on  the  Coast.    Most  of  them  are  buying  their  best 

castings  in  the  East  simply  because  they  cannot  depend  on  the  quality  of 

the  local  product.    There  is  no  question  in  my  mind  that  if  experienced 

steel  foundry  men  are  induced  to  come  out  here,  the  iron  and  steel  business 

can  be  started  properly  and  successfully.    It  stands  to  reason  that  if  the 

same  brains  and  intelligent  handling  of  the  proposition  were  given  to  it 

here  as  in  the  East,  there  is  no  reason  why  the  resources  here  should  not 

be  developed,  and  there  is  no.  excuse  for  the  Pacific  Coast  buying  its 

castings  back  East,  when  the  same  application  and  knowledge  could  be 

applied  here  and  castings  produced  that  would  be  just  as  good.     I  am 

talking  now  about  the  manufacture  of  the  product  after  the  steel  is  made, 

but  there  has  seemed  to  be,  from  the  investigation  I  have  been  able  to 

make  in  the  last  three  or  four  weeks,  a  lamentable  absence  of  experienced 

handUng.    I  believe  that  there  is  already  a  large  market  on  this  coast 

for  steel  castings.     If  you  have  both  the  natural  resources  and  the  market 

here,  you  must  also  have  the  ability  to  take  hold  of  it  and  deliver  the 

proper  product. 

Bradley  Stottghton,  New  York,  N.  Y. — It  would  seem  to  me  that 
the  discussion  of  this  paper  was  departing  from  the  established  principles 
of  political  economy.  Mr.  Jones  has  given  us  in  his  paper  some  very  care- 
fully culled  figures  and  the  question  should  be,  not  whether  somebody 
else  could  supply  the  material  listed  by  Mr.  Jones  at  a  price  less  than  is 
now  being  paid,  but  whether  the  figures  themselves  are  correct. 

The  question  as  to  whether.  China  can  or  cannot  send  iron  to  this 
country  at  a  lower  price  than  is  now  being  paid  for  it,  and  the  question 
as  to  whether  the  iron  foundries  of  California  do  or  do  not  employ  suffi- 
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ciently  skilled  men  to  make  good  castings;  could  be  discussed  from  many 
different  viewpoints,  but  if  the  figures  presented  by  Mr.  Jones  are 
correct,  and  if,  as  stated  by  him,  the  greater  amount  of  iron  and  sled 
used  on  the  Pacific  Coast  is  now  obtained  from  the  East,  then  there  can 
be  no  question  that  there  is  a  real  market  here. 

Looking  at  the  matter  from  another  standpoint:  It  would  appear 
that  the  Pacific  Coast  with  the  greatly  enlarged  scope  for  industrial 
activity  that  is  given  by  the  operation  of  the  Panama  Canal,  including 
manufacturing  of  many  kinds,  exporting,  and  shipbuilding,  must  use 
in  the  future  greatly  increased  amounts  of  iron  and  steel  products. 

D.  A.  Lyon. — I  think  Mr.  Stoughton  has  laid  too  much  emphaas 
on  what  I  said  in  regard  to  the  competition  of  Chinese  iron.  Althou^ 
we. do  have  that  competition  at  present,  it  may  not,  as  pointed  out  bj 
Mr:  Jones,  affect  the  pig-iron  and  steel  situation  in  the  future  here  on 
the  Pacific  Coast.  We  will  assume  that  it  will  not;  but  even  so,  and  even 
if  iron  can  at  present  be  produced  as  cheaply  at  certain  points  here  in  the 
West  as  it  can  be  obtained  from  Pittsburgh,  now  that  the  Panama  Canal 
is  open,  will  we  not  be  able  to  get  iron  and  steel  from  Pittsburgh  cheapo 
than  we  do  now? 

C.  C.  Jones. — You  would  have  to  pay  the  freight  rate  from  Pittsburgh 
to  New  York,  then  you  would  have  a  freight  rate  of  $4.50  or  $6  from  New 
York  to  San  Francisco  or  Los  Angeles.  When  you  add  that  it  makes  very 
little  difference. 

D.  A.  Lyon. — Even  if  we  could  produce  it  here  as  cheaply  as  they  can 
in  Pittsburgh,  I  still  maintain  that  we  do  not  have  the  market.  We  have 
with  us  Mr.  Lash,  one  of  the  most  prominent  iron  and  steel  men  in  the 
country,  and  I  am  sure  we  would  be  glad  to  hear  from  him  on  this 
subject. 

H.  W.  Lash,  Cleveland,  O. — ^I  think,  as  Mr.  Lyon  has  pointed  out, 
one  of  the  troubles  is  a  market  out  here.  There  is  a  large  consumption 
of  iron  and  steel  on  the  Pacific  Coast,  but  it  includes  nearly  everything 
that  is  produced  in  the  line  of  iron  and  steel  and  there  is  no  one  plant 
that  could  cover  all  these  different  grades  and  shapes  without  a  tre- 
mendous outlay.  That  is  one  thing  that  would  interfere  more  than  any 
other  with  the  production  of  steel  in  large  quantities  on  this  coast. 

As  for  pig  iron,  I  think  there  is  a  greater  opportunity.  There  are 
many  foundries  in  California  that  have  to  bring  their  iron  from  the  Elast 
or  from  England,  and  there  has  been  some  iron  sent  here  from  India  and 
China.  I  think  there  is  a  chance  to  develop  the  pig-iron  industry,  though 
probably  not  to  any  very  great  extent.  There  is  surely  quite  a  con- 
sumption here,  and  a  small  plant  properly  located  and  properly  managed 
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ought  to  be  able  to  compete  with  the  East  if  the  raw  materials  exist 
in  the  quantities  represented^  and  they  no  doubt  do. 

J.  W.  Richards,  South  Bethlehem,  Pa. — I  would  like  to  ask  Mr.  Lash 
if  he  will  give  us  his  opinion  about  the  steel-casting  industry  on  this 
coast? 

H.  W.  Lash. — I  have  had  occasion  to  visit  one  or  two  steel-casting 
plants,  one  at  Pittsburgh,  Cal.  They  have  a  very  good  plant  and  are 
turning  out  good  product.  They  say  they  have  all  the  business  they 
can  possibly  turn  out.  Their  castings  are  made  from  open-hearth  steel 
and  while  they  have  not  attempted  the  smaller  castings  similar  to  those 
made  in  the  East,  they  will  no  doubt  take  up  that  class  of  work  soon. 
In  my  opinion  the  casting  business  has  quite  a  future  here.  The  matter 
of  delivery  is  very  much  in  their  favor.  Customers  do  not  care  to  wait 
for  the  long  time  of  delivery  from  the  East. 

C.  C.  Jones. — ^I  understand  that  there  is  an  electric  steel  foundry 
near  Portland  which  is  in  operation.  It  strikes  me  that  the  situation 
here  is  particularly  favorable  for  the  introduction  of  an  electric  furnace 
to  make  steel  castings  from  scrap,  because  there  is  a  very  large  quantity  of 
scrap  on  hand  which  can  be  melted  and  recast  into  shapes.  I  personally 
believe  that  right  here  in  San  Francisco  or  Oakland,  right  on  the  San 
Francisco  Bay,  an  electric  steel-casting  plant  could  be  quite  successfully 
operated. 

D.  A.  Lyon. — I  sincerely  hope  that  I  will  not  be  considered  a  pessi- 
mist as  regards  the  possibiUty  of  producing  iron  and  steel  on  this  coast. 
In  this  discussion  I  am  thinking  only  of  large  tonnages.  What  Mr. 
Jones  says  is  true.  There  is  a  chance  out  here  to  develop  an  iron  and  steel 
industry  which  will  supply  the  iron  and  steel  that  is  needed  for  local 
consumption.  However,  there  is  not  a  market  at  the  present  time  for 
large  quantities.  It  is  true  that  the  sum  total  .of  all  the  various  kinds  of 
iron  and  steel  used  amoimts  to  a  considerable  tonnage.  A  great  deal  of 
that,  however,  is  needed  to  supply  parts  of  machines  or  implements 
which  are  manufactured  in  other  districts  of  the  United  States.  Then, 
too,  the  variety  of  shapes  needed  is  too  great  for  any  one  plant  to 
supply.  If,  therefore,  the  local  demand  is  to  be  furnished  by  local 
plants,  it  seems  to  me  that  it  must  be  done  by  small  plants.  In  other 
words,  I  do  not  beUeve  there  is  a  demand  at  the  present  time  for  a 
lar^e  iron  or  steel  plant  on  the  Pacific  Coast,  such  as  we  find  around 
Pittsburgh. 

C.  H.  Booth. — I  believe  there  are  a  lot  of  concerns  out  here  waiting 
for  an  opportunity  to  use  steel  in  place  of  iron  castings.  I  have  made 
a  somewhat  detailed  study  of  California  conditions.    There  are  a  great 
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many  companieB  that  would  use  steel  castings  if  they  oould  get  prompt 
delivery.  This  is  especially  true  of  small  steel  castings.  The  he&Ty 
castings  are  made  by  the  plant  you  spoke  of,  Mr.  Lash,  but  the  smaDer 
castings  today  are  made  with  converters  or  crucibles  with  the  exception 
of  one  or  two  electric  furnace  plants  and  the  quality  has  not  been  alto- 
gether what  could  be  desired.  Outside  of  delivery  and  quality,  I  tiiink 
other  things  are  mere  matters  of  detail,  yet  they  are  important.  A  great 
deal  of  the  heavier  iron  castings  out  here  will  be  replaced  by  lighter 
castings  made  of  steel,  if  they  can  be  obtained  at  a  reasonable  cost  I: 
looks  to  me  as  if  the  opportunity  is  a  very  large  one,  because  you  ha^e 
electric  power  here  at  reasonable  rates,  and  steel  scrap  today  in  thii 
market  costs  from  $5  to  $7  a  ton.  You  cannot  buy  scrap  at  any  such 
price  in  the  East. 

Mr.  Malm. — I  notice  that  Mr.  Jones  mentions  a  deposit  in  Shasta 
County  and  I  would  be  glad  to  have  any  information  r^arding  what 
they  did  up  there  with  their  electric  furnace. 

J.  W.  Richards. — That  company  started  to  make  pig  iron  in  a£ 
electric  furnace  and  discontinued  it,  and  has  recently  started  up  a  furnace 
to  make  ferromanganese  and  ferroalloys,  and  they  are  now  making  them 
very  profitably. 

Mr.  Malm. — They  discontinued  the  manufactiure  of  pig  iron  up 
there. 

Mr.  Randall. — I  wa§  told  it  was  due  to  the  high  cost  of  coke. 
They  had  some  intention  of  trying  to  make  it  in  a  charcoal  furnace  and 
the  Forestry  Service  was  trying  to  sell  them  some  of  their  wood. 

Mr.  Willbston. — The  reason  for  their  shutting  down  was  due  to  the 
fact  that  they  could  not  get  charcoal  at  a  low  enough  price.  They 
installed  a  large  coke  pl&nt,  but  it  proved  a  failure.  They  could  not 
produce  charcoal  economically,  and  they  could  not  buy  it  at  a  reasonable 
figure,  so  it  put  them  out  of  business. 

# 

C.  H.  Booth. — I  have  just  returned  from  a  visit  to  that  plant.  I 
spent  a  day  there  about  a  week  ago.  I  had  an  opportunity  to  talk  with 
one  of  the  owners  of  the  plant,  and  he  said  he  did  not  believe  they  would 
ever  attempt  to  make  pig  iron  again,  that  it  was  not  commerciaUy  prac- 
tical. They  made  some  very  good  pig  iron  but  they  could  not  compete 
with  the  cost  of  other  pig  iron  brought  in. 

C.  C.  Jones. — These  remarks  have  helped  this  subject.  Mr.  Lash 
is  correct  in  saying  the  market  here  is  largely  on^  for  pig  iron.  My  idea 
has  been  that  the  establishment  of  a  single  furnace  of  250  tons  capacity 
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lE^ouId  lead  to  so  many  other  things  that  would  not  compete  with  the 
larger  tonnage,  that  in  the  end  we  would  have  half  a  dozen  little  industries 
that  would  mean  more  in  wages  and  in  selling  profits  than  tonnage  rep- 
resents. Take  the  matter  of  cast-iron  pipe  alone.  In  Los  Angeles 
County  today  there  are  contracts  aggregating  $2,000,000  for  this  cast- 
iron  water  pipe.  People  are  going  into  the  business  there  with  small 
experience,  using  poor  pig  iron  with  a  hope  of  filling  some  of  these  con- 
tracts. That,  is  Los  Angeles  County  alone,  and  does  not  include  the 
contracts  for  cast-iron  pipe  that  are  being  let  around  Stockton,  Port- 
land, Seattle,  and  other  places.  We  have  a  pretty  long  coast  line  here, 
nearly  2,000  miles,  that  is  going  to  fill  up  mighty  rapidly  in  the  next  20 
years.  Anything  that  is  based  on  an  increase  of  population  ought  to  be 
a  success  commercially.    As  Mr.  Lyon  has  said,  it  is  a  commercial  matter. 

Bradley  Stoughton. — We  have  heard  it  said  in  the  East  that  the 
difficulty  of  establishing  an  iron  and  steel  industry,  or  any  industry,  on 
the  Pacific  Coast  is  one  of  elasticity  of  labor  supply  and  I  should  like  to 
ask  if  Mr.  Jones  has  considered  this  question  and  what  conclusion  he 
has  reached  thereon. 

C.  C.  Jones. — I  cannot  say  that  I  have  looked  into  the  question 
of  the  elasticity  of  the  supply,  but  I  have  heard  it  said  that  Eastern 
manufacturers  would  not  go  into  manufacturing  here  on  account  of 
labor  conditions.  But  it  is  not  the  supply.  Labor  is  looking  for  a  fight 
all  the  time;  the  union  features  are  very  strong  here. 

Bradley  Stoughton. — Mr.  Schwab  has  some  very  large  interests  on 
the  coast,  has  he  not? 

C.  C.  Jones. — Yes,  the  Union  Iron  Works,  for  one,  and  he  probably 
supplies  large  amounts  of  structural  steel  to  firms  for  fabrication. 

H.  W.  Lash. — I  have  had  some  little  experience  out  here,  during 
the  last  two  years  and  have  foimd  the  quality  of  labor  very  good.  I 
believe  the  average  equals  that  of  Ohio  and  Pennsylvania,  and  the 
climatic  conditions  are  surely  more  favorable.  We  have  neither 
intense  heat  in  the  summer  nor  extreme  cold  in  the  winter.  There  is 
no  doubt  that  labor  unions  are  very  strong.  In  some  cases  they  are 
unreasonable,  but  I  believe  the  labor  situation  here  is  somewhat  ex- 
aggerated. I  also  find  there  is  something  about  California  that  is 
rather  inviting  and  that  workmen  are  quite  ready  to  come  here  if  they 
can  be  furnished  employment  similar  to  that  they  have  in  the  East. 
A  great  many  like  to  come  and  try  it,  and  when  they  do  come  they  usually 
want  to  stay. 
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Electrometallurgical  Industries   as  Possible  Consumers    of   Blectnc 

Power 

* 

Discussion  of  the  paper  of  Dobbst  A.  Lton  and  Robbbt  M.  Kbbnkt,  presented  at  tbe 
San  Francisco  meeting,  September,  1915,  and  printed  in  BuUeiin  No.  104,  August 
1915,  pp.  1707  to  1730. 

Lawrence    Addicks,    Douglas,    Ariz. — I    think    pi^^ers    of    tliia 
character,  while  general  in  nature,  are  of  particular  value  and  interest. 
because  when  we  figure  on  competing  with  the  East  in  electrometal- 
lurgical  industries,  on  account  of  the  cheap  power  on  the  Pacific  Coast, 
we  have  to  take  two  or  three  things  into  account.     In  the  first  place, 
power  very  rarely  amounts  to  more  than  20  per  cent,  of  the  total  cost  of 
an  operation,  even  though  it  be  electrometallurgical,  and  I  think  it  is  the 
common  opinion  among  those  who  are  not  familiar  with  those  particular 
industries,  that  it  amounts  to  more  than  50  or  60  per  cent.     Take  copper 
refining;  we  may  say  that  it  is  15  per  cent,  of  the  total  cost.     In  the 
second  place,  around  New  York  City,  with  100  per  cent,  load  factor  and  a 
reasonably  large  load,  say  10,000  kw.,  we  can  generate  from  a  certain  class 
of  coal  1  kw.-hr.  for  about  0.3c.    I  might  say,  however,  that  0.3c.  does  not 
include  overhead  charges,  interest  on  the  investment,  etc.     The  thini 
factor  we  have  to  consider  out  here  is  that  any  product  to  be  salable  must 
command  a  retail  market.    It  would  be  useless  to  produce  wire  bars  here 
on  the  Pacific  Coast  because  there  is  no  place  to  roll  them.     If  we  were 
going  to  establish  a  copper  refinery,  that  part  of  its  output  which  goes 
into  wire  bars  would  have  to  be  taken  care  of  by  building  a  rolling  mill 
alongside  of  it  to  turn  it  into  wire  and  finally  make  a  product  that  is 
salable.     I  do  not  ^  think,  however,  that  Mr.  Lyon  need  have  excluded 
copper  refining  from  his  industries.    There  are  perhaps  50,000,000  lb. 
of  copper  a  month  refined  in  this  country  on  a  custom  basis.     I  think  the 
smelting  companies  would  be  very  glad  to  build  refineries  here  if  con- 
ditions warranted  it.     The  recent  extensions  of  the  Great  Falls  refiner)' 
and  of  the  Tacoma  refinery  in  the  last  few  months  give  evidence  of 
that. 

Carl  H.  Booth,  Chicago,  111. — I  agree  in  a  general  way  with  the 
features  of  Mr.  Lyon's  paper.  I  have  read  it  with  very  great  interest. 
It  seems  to  me  the  real  reason  for  the  lack  of  development  of  electro- 
metallurgical  processes  on  the  Pacific  Coast  is  largely  the  lack  of  a  market. 
I  am  not  claiming  to  have  a  great  knowledge  of  conditions  out  here,  ex- 
cepting  those  I  have  personally  observed  in  the  last  few  weeks,  but  my 
general  conclusions  are  that  in  the  one  field  of  electric  steel  melting  and 
refining,  regardless  of  the  low  cost  of  melting,  the  lack  of  a  proper  market 
will  always  be  a  severe  handicap  to  any  operation  of  that  kind  on  the 
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Pacific  Coast.  Even  mih  cheap  power  and  low-cost  materials,  the 
limited  tonnage  available  is  a  distinct  disadvantage.  If  the  steel  made 
here  must  go  East  to  find  a  market,  the  cost  of  freight  rates,  and  the 
fact  that  power  can  be  produced  almost  as  cheaply  in  the  East,  will  more 
than  offset  any  other  advantage;  so  that  my  general  thought  is,  being 
especially  interested  in  the  line  of  steel  metallurgy,  that  the  chief  draw- 
back to  the  manufacture  of  a  heavy  tonnage  of  steel  on  the  coast  is  the 
lack  of  a  market. 

Apparently  the  authors  of  this  paper  are  not  entirely  f amiUar  with 
some  of  the  recent  developments  in  the  electric  steel  melting  field.  Elec- 
tric furnaces  are  today  being  built  which  produce  steel  cheaper  than  the 
fuel  melting  furnaces  for  the  same  tonnage.  These  facts  have  been 
well  worked  out  and  carefully  checked  for  a  period  of  two  years.  Such 
furnaces  are  today  producing  steel  at  $18  a  ton  with  current  at  ^c.  per 
kilowatt^hour,  and  materials  at  $11  per  ton.  The  upkeep  cost  is  low  and 
the  efGlciency  of  the  furnace  is  so  high  that  it  has  been  practical  to  obtain 
low-cost  operations,  and  to  use  electric  power  and  still  compete  with  fuel 
melting.  With  this  one  point  of  difference,  the  cost  of  melting  with  the 
electric  steel  furnace,  I  thoroughly  agree  with  Mr.  Lyon's  conclusions.  I 
would  call  your  attention  especially  to  p.  20,  where  he  gives  a  schedule 
of  the  operating  cost  of  an  electric  steel  furnace.  With  current  at  the 
price  he  gives,  steel  could  be  produced  for  about  $18  a  ton,  so  that  there 
is  at  least  a  difference  of  $12  a  ton  in  Mr.  Lyon's  figures. 

It  makes  no  difference  how  cheap  you  can  make  the  steel  out  here; 
if  you  have  no  market  for  it,  it  is  hardly  possible  to  do  much  with  the 
product.  Even  if  steel  is  substituted  for  iron,  with  the  increased  ton- 
nage that  might  be  obtained  still  I  can  see  no  hope  for  developing  a  large 
industry  here  in  the  immediate  future. 

J.  W.  Beckmak,  San  Francisco,  Cal. — I  take  pleasure  in  disagreeing 
with  the  attitude  that  both  Mr.  Lyon  and  Mr.  Booth  assume  in  regard  to 
possibiUties  on  the  Pacific  Coast.  I  think  it  is  undoubtedly  true,  if  you 
only  look  to  the  near  future,  that  in  the  main  they  are  correct  in  saying 
that  there  are  small  markets  only,  but  this  is  a  new  country,  and  we  are 
practically  in  the  same  position  here  as  the  East  was  before  the  Civil 
War.  Before  the  Civil  War  the  East  would  not  do  any  manufacturing 
because  they  thought  they  could  not  compete  with  England.  As  they 
could  buy  what  they  needed  from  England  they  saw  no  reason  for 
manufacturing.  The  East  has  changed!  It  has  been  shipping  for  many 
years,  and  for  a  long  time  to  come  will  ship  manufactured  products  to 
England.  Here  on  the  Pacific  Coast  everybody  apparently  is  looking 
to  the  East  for  their  markets.  I  have  often  heard  said:  "What 
is  the  use  of  manufacturing  out  here,  they  can  beat  us  in  the 
East?"  I  think  that  is  a  wrong  attitude  for  the  people  of  the  Pacific 
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Coast  to  take.  We  are  favored  with  enormous  quantities  al  mJLet 
power  here  practically  at  tidewater.  There  are  a  number  of  oppor- 
tunities right  on  tidewater,  and  a  number  just  a  few  miles  away  from 
tidewater.  We  have,  therefore,  the  same  power  facilities  on  the  Padfie 
Coast  to  produce  electrochemical  materials  that  Sweden  and  Nor- 
way have,  especially  Norway,  and  the  same  opportunity  for  shipphkg 
these  materials  to  the  world's  markets.  My  feeling  is  very  strong  that 
the  future  of  the  Pacific  Coast  does  not  lie  east  from  here,  but  west  and 
south.  We  have  over  half  of  the  world's  population  facing  the  Pacific 
Coast.  We  should  take  care  of  the  electrochemical  needs  of  that  popular 
tion  and  we  will  do  so,  provided  we  look  at  matters  in  the  right  way.  If 
we  look  only  to  the  east  we  are  certainly  going  to  let  everybody  in  the 
East,  as  well  as  Europe,  take  care  of  those  markets  that  Intimately  be- 
long to  us.  Therefore,  I  feel  that  the  broad-minded  view  is  not  to  look 
forward  to  what  this  generation  can  do,  but  build  for  generations  ahead 
and  start  doing  so  now.  That  is  a  duty  resting  on  the  present  generation 
on  the  Pacific  Coast.  There  is  an  enormous  future  for  this  coast.  I 
think  a  great  part  of  the  people  on  this  western  coast  do  not  appreciate 
the  opportunity  this  section  of  the  country  affords.  We  have  the 
Chinese  and  Japanese  markets  of  unlimited  possibilities;  we  have  the 
northern  part  of  Siberia,  that  we  do  not  know  so  much  about;  there 
are  aJso  markets  to  be  had  in  South  America  and  Australia,  and  we 
might  reach  for  markets  even  as  far  as  India,  and  in  years  to  come  I 
believe  my  attitude  will  be  proven  correct.  I  think  this  attitude  of 
belief  in  the  possibilities  of  this  coast  and  its  f utiu*e  is  psychologically  the 
right  one  to  hold.  Mr.  Lyon  does  not  seem  to  have  taken  into  con- 
sideration the  fact  that  we  can  get  aluminum  oxide  at  a  very  low  figure 
here,  from  a  deposit  in  Utah  that  is  being  worked  now,  and  great  quantities 
of  practically  pure  aluminiun  oxide  are  obtained  from  it.  It  is  claimed 
that  the  product  is  obtained  so  pure  that  in  many  cases  there  is  no  need 
of  fm-ther  refining.  A  reasonable  freight  rate  has  already  been  established 
by  the  Western  Pacific  R.  R.  for  this  aluminum  oxide  from  those  de- 
posits to  the  Pacific  Coast.  This  aJuminiun  oxide  is  obtained  as  a  by- 
product at  a  very  low  price,  and  it  seems  as  though  there  is  a  big  possibility 
for  making  aluminum  on  the  coast  from  this  raw  material. 

Mr.  Lyons  says  that  all  our  electrodes  are  shipped  here  from  the  'East. 
We  have  here  on  the  Coast  one  very  large  and  permanent  source  for  the 
manufacture  of  electrodes  in  what  is  generally  known  as  lampblack. 
In  the  making  of  volatile  products  from  oil  there  is  always  produced  quite 
a  quantity  of  exceedingly  fine  carbon  with  some  heavy  oQ  mixed  in.  In 
many  cases  this  has  been  used  as  fuel  under  boilers,  because  of  no  other 
use  for  it.  From  my  knowledge  of  electrodes  I  believe  that  there  is  a 
possibility  of  using  this  practically  pure  carbon  in  the  making  of  dec- 
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trodeSi  and  using  them  in  aluminum  manufacture  and  in  electric  furnace 
work. 

Pig-iron  manufacture  is  a  very  old  process  and  no  radical  change  has 
taken  place  in  its  manufacture  until  comparatively  recently.  Is  it  not 
possible  that  such  an  extremely  old  process  will  be  substituted  in  time 
by  an  absolutely  new  process  utilizing  new  agents  in  it?  Here  on  the 
Pacific  Coast,  for  example,  we  have  an  abundant  supply  of  natural  gas 
and  an  abundance  of  fuel  oil;  we  also  have  an  abundance  of  cheap  electric 
power.  Couple  with  these  an  abundance  of  cheap  iron  and  it  seems  as 
if  there  must  blossom  forth  a  large  iron  industry. 

Along  the  coast  there  are  great  deposits  of  iron  ore.  About  200,000,- 
000  tons  are  now  located,  nmning  64  per  cent,  of  iron.  It  is  of  interest 
to  note  that  the  United  States  Steel  Corporation  is  running  at  the  present 
time  on  56  per  cent,  iron  ore. 

Why  should  we  not  look  forward  to  the  utilizing  of  new  agents  and 
methods  in  place  of  the  old  processes  for  the  manufacture  of  pig  iron? 

Another  point  that  has  impressed  me  in  connection  with  Mr.  Lyon's 
paper,  and  to  which  I  have  not  referred,  is  the  question  of  treating 
refractory  ores  by  electrolysis  in  fused  electrolytes.  I  believe  it  might 
be  possible  by  such  a  process  to  partly  separate  the  different  metals 
present  in  the  ores. 

Lawbbncb  Addicks. — Mr.  Beckman  has  put  the  problem  on  its 
true  basis.  If  we  did  not  have  cheap  power  here,  the  whole  matter  would 
be  impossible.  Of  course,  in  regard  to  aluminum,  we  all  of  us  have  an 
aluminum  mine  in  our  back  yards,  but  the  difficulty  has  always  been 
to  get  a  deposit  of  value.  Will  Mr.  Seaver  tell  us  what  the  refracting 
companies  have  done  in  the  direction  of  using  alumina? 

Kenneth  Sbavbr,  Pittsburgh,  Pa. — I  hardly  feel  that  I  am  qualified 
to  speak  with  any  authority  about  what  has  been  done  by  the  refractory 
companies  in  this  field.  You  are  all  familiar  with  a  brick  made  from 
hydrous  oxide  of  aluminum.  I  speak  now,  in  the  first  place,  of  a  content 
of  about  56  per  cent,  in  the  brick,  and  another  of  about  77  per  cent, 
of  alumina.  The  characteristics  of  the  two  bricks  vary  rather  widely. 
Those  two  are  probably  the  extremes  of  alumina  commercially  valuable 
to  the  refractory  industry.  The  56  per  cent,  aluminum  content  is  used 
for  fire-clay  brick,  but  it  will  withstand  higher  heat.  We  are  here  con- 
sidering alumina  as  neutral,  although  we  are  familiar  with  its  action  under 
var3ring  chemical  conditions,  and  this  56  per  cent,  content  aluminum 
brick  has  been  used  where  reasonably  high  heat  was  encountered. 
The  other  material  running  as  high  as  77  per  cent,  in  alumina  content 
has  thus  far  been  used  as  a  substitute  for  magnesia  brick,  or  more  often 
termed  magnesite  brick,  in  the  open-hearth  and  similar  processes.  It 
has  been  giving  excelltot  results,  but  those  results  in  the  light  of  years 
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of  experience,  should  not  be  taken  for  more  than  they  are  worth.  It  h 
not  yet  safe,  in  my  opinion,  to  say  that  it  is  a  substitute.  I  bdieve  that 
it  is.  Under  normal  conditions  it  probably  cannot  be  produced  at  the 
price  at  which  magnesia  brick  was  produced.  This  particular  refraetory 
has  been  used  in  the  port  end  of  a  furnace,  forming  a  bulkhead  of  that 
one  particular  open-hearth  furnace,  for  365  heats,  at  which  time  the 
furnace  was  necessarily  taken  off  to  install  a  new  roof.  At  that  time  the 
opposite  port,  which  was  installed  with  magnesia  brick  alone,  was  in  a 
worse  condition.  The  indications  are  that  this  76  per  cent,  alumina 
brick  will  give  equally  good  results.  On  the  other  hand,  I  feel,  bearing  in 
mind  the  experience  of  years,  that  a  thing  of  this  kind  must  be  tested  oat 
under  eveiy  conceivable  condition  before  one  can  make  a  flat  statemoit 
on  the  subject.    I  believe  it  shows  great  possibilities,  however. 

J.  W.  Richards,  South  Bethlehem,  Pa. — I  wish  to*  speak  on  several 
matters  connected  with  the  subject  of  this  paper.  The  first  is  the  pos- 
sibility of  producing  aluminum  on  this  coast.  Mr.  Lyon  consideis 
the  cost  of  aluminum  here  and  shipping  it  to  New  York.  I  believe  that 
if  such  a  plant  were  established  here  the  material  would  not  be  shipped 
away,  but  would  be  used  to  supply  the  local  market,  and  also  the  Japan- 
ese market  which  is  a  considerable  one  at  the  present  time.  The  prin- 
cipal raw  material  is  bauxite,  or  its  equivalent,  and  the  question  is  whether 
it  can  be  found  east  of  the  Rocky  Mountains.  If  the  byproduct  alumina 
from  the  Maryvale  alunite  deposits  in  Utah  could  be  brought  here 
at  $5  per  ton,  that  might  put  a  different  aspect  on  the  matter,  or,  if 
bauxite  were  to  be  found  on  the  Pacific  Coast  there  would  be  a  possibility 
of  establishing  works  here  to  supply  the  local  market  and  the  Japanese 
or  other  foreign  markets  bordering  on  the  Pacific  Ocean. 

In  regard  to  the  consumption  of  steel  on  this  coast,  in  the  paper  by 
C.  C.  Jones  of  Los  Angeles,  it  is  stated  that  the  consumption  of  steel  on 
the  Pacific  Coast  is  nearly  3,000,000  tons  per  year.  That  is  not  an 
insignificant  market,  although  I  got  the  impression  from  Mr.  Lyon  that 
he  considered  the  local  market  here  was  not  worth  considering.  That 
is  a  respectable  proportion  of  the  output  of  the  United  States.  If  there 
is  such  a  market  here,  and  the  statements  made  as  to  the  cost  of  irutlring 
steel  in  a  properly  designed  electric  furnace  are  to  be  relied  upon,  there 
is  a  distinct  possibility  of  the  Pacific  Coast  furnishing  its  own  supply  of 
steel  castings  and  possibly  some  manufactured  shapes.  We  must  give, 
tbo,  a  proper  consideration  to  the  practical  importance  of  the  ferro-alloy 
industry  which  has  already  begun  operations  on  the  Pacific  Coast 
Furnaces  in  Shasta  county  which  were  producing  pig  iron  are  operating 
on  ferromanganese,  ferrosilicon  and  ferrochromium,  and  they  are  at 
present  operating  successfully.  There  is  a  possibility,  it  seems  to  me,  of 
firmly  establishing  those  industries  on  this  coast. 
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J.  W.  BscKMAN. — I  take  exception  to  what  Professor  Richards  has 
said  about  ferromanganese.  It  is  not  possible  to  establish  the  ferro- 
manganese  industry  here  with  an  electric  furnace.  It  might  be  with  a 
blast  furnace  but  not  with  an  electric  furnace. 

D.  A.  Lton,  Salt  Lake  City,  Utah. — I  would  like  to  call  attention  to 
the  fact  that  in  this  paper  we  do  not  state  that  it  will  never  be  feasible 
to  establish  electrochemical  and  electrometallurgical  industries  on 
this  coaikt,  and  that  the  establishment  of  these  industries  should  not  be 
considered,  but  have  stated  our  views  as  regards  the  possibility  of 
electrometallurgical  industries  becoming  large  consumers  of  electric 
pK)wer  here  on  the  Pacific  Coast  at  the  present  time. 

As  to  the  tonnage  of  steel  used  on  this  coast;  the  day  before  yesterday 
I  was  talking  to  a  prominent  iron  and  steel  metallurgist  of  this  country 
in  regard  to  the  possibility  of  producing  steel  here  in  the  West,  and  he 
remarked  that  it 'would  be  practically  impossible  for  any  one  plant  to 
turn  out  all  the  different  shapes  that  would  be  required  to  meet  the  de- 
mand, and  that  while  the  total  tonnage  of  steel  used  on  the  Pacific 
Coast  is  comparatively  large,  there  is  not  a  large  tonnage  used  of 
any  particular  shape  or  size.  Such  being  the  case,  there  is  no  demand 
at  the  present  time  for  a  plant  producing  a  large  tonnage  of  iron  and 
steel.  I  think  the  gentleman  was  right  and  must  therefore  disagree  with 
those  who  believe  that  there  would  be  a  market  for  the  output  from  a 
large  plant  at  the  present  time. 


The  Electric  Furnace  in  the  Foundry 

Diflcussion  of  the  paper  of  WIluam  G.  Kbanz,  presented  at  the  San  Francisco  meeting, 
September,  1915,  and  printed  in  Bulletin  No.  101,  May,  1915,  pp.  927  to  930. 

M.  Pbtinot,  Niagara  Falls,  N.  Y.  (communication  to  the  Secretary*). 
— I  have  read  this  paper  with  considerable  interest  and  agree  perfectly 
with  Mr.  Kranz  that  steel  for  castings  made  in  an  electric  furnace  is 
not  necessarily,  because  of  that  fact,  all  good  steel,  and  also  that  the 
qualities  which  he  mentions,  such  as  absence  of  segregation,  elimination 
of  sulphur,  great  tenacity,  etc.,  can  be  obtained  in  an  electric  furnace  if 
operated  under  proper  metallurgical  conditions. 

An  unusually  low  content  of  sulphur  in  steel  for  castings  is  not,  of 
course,  an  absolute  necessity  and  the  range  of  this  element  usually  ob- 
tained in  steel  made  in  basic  open-hearth  furnaces  is  sufficiently  low  to 
meet  all  phjrsical  requirements. 

The  main  factor  in  making  steel  for  castings,  regardless  of  the  proc- 
ess, is  the  complete  deoxidation  of  the  bath  to  prevent  the  formation  of 
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segregation  and  also  increase  the  physical  qualities  of  the  sted.  Such 
complete  deoxidation  is  accomplished  in  basic  electric  fumaoes  by  hold- 
ing the  metal  sufficiently  long  in  the  presence  of  a  blanket  of  caxhide 
of  calcium,  as  in  the  Heroult  or  Stassano  process,  or  by  the  addition  of 
50  per  cent,  ferrosilicon,  as  in  the  Gerod  or  induction  furnace  process. 
However,  if  steel  is  so  completely  deoxidized  in  the  furnace  that  when,  as 
pointed  out  by  Mr.  Eranz,  an  addition  of  aluminum  or  titanium  is  made 
the  added  metal  will  not  oxidize  but  will  be  found  in  the  metallic  state  in 
the  steel,  there  can  be  no  doubt  that  such  steel  will  reoxidise  during  the 
tapping  of  the  furnace  and  also  during  the  teeming  from  the  ladle  into 
the  molds.  While  Mr.  Eranz  has  undoubtedly  through  inadvertence 
failed  to  mention  the  fact,  it  is  probably  the  practice  at  his  plant  U> 
add  aluminum  in  the  ladle  during  the  tapping  of  the  furnace  to  com- 
pletely deoxidize  the  steel. 

Even  admitting  that  an  electric  furnace  properly  controlled  must 
give  a  more  completely  deoxidized  product  in  the  furnace  than  it  is 
possible  to  obtaLa  in  such  oxidizing  processes  as  open  hearth  and  con- 
verter, I  still  question  its  great  advantage  if  it  is  still  necessary  to  com- 
plete the  deoxidation  in  the  ladle. 

In  the  accompanying  schedule  I  have  reproduced  Table  No.  1  show- 
ing the  comparative  properties  of  electric  and  basic  open  hearth  steel  as 
printed  in  Mr.  Eranz's  paper,  and  also  the  results  of  samples  from  six 
heats  of  basic  open  hearth  and  converter  steels  of  approximately  the 
same  chemical  composition. 

These  six  analyses  are  representative  of  the  quality  of  thoroughly 
deoxidized  steel  produced  under  good  foundry  practice  and  it  will  be 
noted  that  the  physical  properties  compare  very  satisfactorily  with  those 
of  the  electric  steel  reported  by  Mr.  Eranz. 

Mr.  Eranz  mentions  that  ''absence  of  segregation  and  oxides  has  been 
firmly  established  by  a  great  many  investigations  in  our  chemical  and 
physical  laboratories"  and  gives  as  a  proof  of  this  fact  that  when  ferro- 
titanium  or  aluminum  is  added  to  their  electric  steel  either  of  these 
metals  will  be  found  as  such  in  the  steel,  indicating  that  no  oxides  were 
present  which  would  cause  their  oxidation. 

I  am  inclined  to  believe  that  many  metallurgists  will  be  interested 
in  obtaining  full  details  in  reference  to  this  particular  point  made  by 
Mr.  Eranz.  Personally,  I  have  made  hundreds  of  heats  of  steel  in  the 
same  type  of  furnace  which  he  is  using.  In  many  of  these  heats  0.10 
per  cent,  titanium  was  used  and  in  no  case  have  overtraces  of  titanium 
been  found  in  the  finished  casting. 

At  other  times  I  have  used  aluminum  in  the  ladle  and  occasionally 
added  it  into  the  stream  of  steel  as  it  flowed  from  the  ladle  into  the 
molds,  particularly  at  the  end  of  the  operation  because  this  addition  of 
aluminum  was  judged  necessary  to  insure  the  soundness  of  the  cafftings. 
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In  no  case  has  aluminum  been  found  in  the  finished  casting,  but  in 
every  case  where  an  examination  has  been  made  for  the  presence  of 
alumina,  the  oxide  of  aluminum  has  been  established  both  by  chemical 
and  microscopical  means. 

I  am  of  the  opinion  that  what  Mr.  Kranz  has  reported  as  aluminum 
in  the  steels,  which  he  has  treated  with  that  metal,  is  in  reality  alumina, 
and  I  believe  that  more  complete  information  on  this  particular  point 
will  interest  metallurgists  generally. 


Tablb  I 


Elastic 
limit 


Ultimate 
Strength 


Per 
Cent. 
Elong. 


Per 
Cent. 
Red. 


Mn 


Si 


S 


^leotric  steel 

O.  H.  basic 

O.  H.  basic 

O.  H.  basic. 

O.  H.  basic 

O.  H.  basic 

OonTerter  steel. . . . 
Converter  steel 


36.400 

66.300 

86.0 

55.0 

0.24 

0.52 

0.25 

0.019 

0.010 

34.800 

63.000 

29.5 

35.0 

0.23 

0.53 

0.24 

0.038 

0.011 

40,900 

70,400 

85.9 

56.3 

0.24 

0.65 

0.80 

0.020 

0.020 

36.200 

64.200 

35.9 

61.3 

0.23 

0.51 

0.35 

0.020 

0.012 

35.800 

68.300 

35.9 

61.4 

0.23 

0.77 

0.34 

0.027 

0.012 

38.700 

61.600 

35.0 

54.0 

0.19 

0.56 

0.22 

0.027 

0.014 

38.000 

69.200 

32.0 

53.6 

0.21 

0.76 

0.87 

0.055 

0.041 

40.500 

71.000 

32.0 

52.8 

0.21 

0.68 

0.34 

0.052 

0.044 

Referred  to 
by  Mr.  Krans. 


Test  pieoe 
unannealed* 


Carl  H.  Booth,  Chicago,  111. — Some  people  dwell  a  gr^at  deal  on 
the  superior  quality  of  electric  metal.  I  have  believed  that  it  is  practical 
to  make  as  good  a  quality  of  steel  in  other  types  of  steel-melting  equip- 
ment, providing  skilled  handling  is  obtained,  but  present-day  experience 
indicates  that  the  electric  furnace  is  coming  into  general  use  because  of 
the  cost  factor.  The  fact  that  you  can  get  increased  temperatures  in  an 
electric  furnace  makes  it  practical  to  make  very  thin  castings,  very  nice 
delicate  ones ;  it  is  ideal  for  small  castings.  Those  are  features  which  make 
it  a  highly  attractive  form  of  melting  equipment,  but  the  principal 
point  and  the  one  that  will  decide  finally  for  those  who  are  making  steel 
and  want  to  adopt  some  other  form  of  melting,  will  be  the  cost  of  the 
manufacture  of  the  steel  itself.  With  other  types  of  melting  equipment 
you  can  get  steel  equally  good.  It  will  cost  more  to  do  so.  I  think  that 
one  point  ought  to  be  brought  out  here.  It  is  well  known  that  in  Europe 
most  of  the  high-grade  steels  are  made  in  electric  furnaces.  That  has 
probably  led  to  the  assumption  that  electric  product  is  always  better. 
As  an  argument  for  the  salesman  it  is  very  nice  to  be  able  to  talk  that  way. 
We  really  believe  that  it  is  easier  to  make  a  good  metal  with  the  electric 
furnace,  but  we  do  not  say  that  it  is  not  equally  possible  to  make  as  good 
with  other  types  of  furnaces.  The  commercial  question  is  the  cost. 
With  electric  furnaces  of  proper  design  the  cost  can  be  made  lower  than 
the  cost  of  melting  steel  with  fuel  furnaces,  and  it  is  this  lower  cost  of 
steel  production  that  is  forcing  the  installation  of  electric  steel  furnaces. 
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J.  W.  Richards,  South  Bethlehem,  Pa. — ^We  should  not  overlook  the 
fact  that  there  is  a  type  of  material  that  can  be  made  by  the  electric  fur- 
nace which  cannot  be  made  by  the  other.  I  refer  to  a  quality  of  steel 
which  is  intermediate  between  open  hearth  steel  and  crucible  sted.  In 
practice  there  is  a  big  gap  in  the  quality  of  those  two  materials,  and  abo 
in  the  price.  It  is  possible  to  produce  with  an  electric  fumace,  at  an  inter- 
mediate price,  an  intermediate  quality  of  steel  which  fills  a  new  field. 

I  have  visited  many  steel  casting  plants  in  Europe,  particulaily  in 
Norway  and  Sweden,  and  I  am  convinced  that  Mr.  Kranz's  statement 
properly  represents  the  possibilities  of  the  electric  furnace.  I  think  Mr. 
Booth  is  too  modest  in  saying  that  you  can  obtain  the  best  qualities  of 
steel  by  other  ways.  The  electric  furnace  competes  with  the  very  best 
quality  of  steel  which  is  being  made  in  the  crucible.  There  are  numeroas 
plants  in  Germany  that  have  torn  out  their  crucible  equipment  and  have 
substituted  the  electric  furnace.  Old  established  crucible  steel  plante 
there  are  making  their  finest  qualities  of  steel,  allow  steel  and  carbon 
steel,  with  the  electric  furnace.    It  is  all  a  matter  of  price. 

H.  W.  Lash,  Cleveland,  O. — I  have  always  understood  that  the 
electric  furnace  offered  advantages  in  the  way  of  purity.  In  the  open- 
hearth  furnace  there  is  more  or  less  sulphur  to  deal  with  in  the  fuel,  and  d 
course  oxygen  is  always  present. 

I  have  talked  with  Mr.  Petinot  and  he  showed  me  many  results  d 
electric  made  steel  where  they  had  almost  eliminated  the  phosphone 
acid  sulphur  and  produced  a  steel  that  was  very  low  in  manganese  and 
still  worked  well  in  the  forge,  largely  because  of  the  absence  of  oxygen. 

Carl  H.  Booth. — My  thought  is  that  if  you  are  mlling  to  spend 
money  enough  you  can  take  almost  any  furnace,  whether  electric  or  not, 
and  the  man  who  knows  how  could  make  steel,  and  make  it  good.     Eacii 
different  type  of  furnace  has  its  advantages  and  disadvantages.     The 
open  hearth  especially  has  disadvantages  because  of  the  conditions  in  the 
furnace.    The  electric  furnace  has  a  big  advantage  because  of  its  ideal 
conditions,  conditions  which  are  under  your  control  at  all  times.     The 
atmospheric  conditions  are  so  good  that  you  can  do  almost  anything  you 
want  to  do.     Our  thought  has  been  to  make  the  electric  furnace  so  simple 
and  so  efficient  that  the  cost  of  making  these  different  steels  will  be 
cheaper  than  those  made  in  any  other  way.     The  real  advantage  after 
all  that  will  contribute  in  making  the  use  of  the  electric  furnace  more 
general  than  the  use  of  other  types  of  equipment  will  be  not  only  that  it 
can  make  a  good  steel — it  will  have  to  compete  on  that  basis  just  the  same 
— ^but  the  question  will  be  as  to  whether  or  not  it  can  make  steel  cheaper 
than  any  other  way.    The  earlier  types  of  electric  furnaces  were  so 
expensive  to  operate  that  they  were  largely  used  in  the  manufacture  of 
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ciuality  steel,  principally  high-grade  alloy  steels,  for  which  the  electric 
furnace  is  ideally  suited,  and  for  which  a  high  price  could  be  obtained.  In 
Europe  today  the  electric  furnace  is  being  used  extensively  for  this  type 
of  service  in  place  of  crucible  melting.  Only  in  recent  years,  however, 
Iiave  electric  fiu'naces  been  adopted  for  the  manufacture  of  the  cheaper 
grades  of  steel.  There  are  electric  furnaces  running  today  in  the  United 
States  which  are  producing  steel  at  a  lower  cost  than  can  be  obtained 
^th  any  other  type  of  melting  equipment  for  the  same  daily  tonnage. 

J.  W.  Richards. — ^There  is  one  point  which  needs  to  be  cleared  up. 
The  crucible  process  can  make  the  highest  quality  of  steel,  equal,  let  us 
say,  to  the  best  made  in  the  electric  furnace,  but  it  requires  the  highest 
quality  of  raw  material.  It  is  possible  for  the  electric  furnace  to  make  steel 
of  that  same  quality  from  impure  raw  materials  which  cannot  be  used  in 
the  crucible  at  all.  .  You  cannot  refine  in  the  crucible.  You  can  refine 
and  make  the  highest  quality  of  steel  in  the  electric  furnace,  from  what 
crucible  steel  makers  would  call  low-grade  material.  That  fact  alone 
has  sounded  the  passing  of  the  crucible  process. 


The  Commercial  Production  of  Sounds  Homogeneous  Steel 

Ingots  and  Blooms 

Disctiflsion  of  the  paper  of  EiCL  Gathmann,  presented  at  the  San  Francisco  meeting 
September,  1915,  and  printed  in  BuOetin  No.  104,  August,  1915,  pp.  1485  to  1492 

H.  W.  Lash,  Cleveland,  O. — I  have  foimd  in  practical  experience  that 
it  is  not  objectionable  to  have  some  blow-holes  in  ingots.  They  enlarge 
during  solidification  and  have  a  tendency  to  cause  the  steel  to  rise.  If  they 
are  of  fairly  small  size  they  weld  up  quite  readily,  especially  where  they 
are  some  distance  from  the  surface.  In  that  way  a  pipe,  which  is  much 
more  detrimental  than  a  few  small  blow-holes,  is  prevented.  There  is 
a  very  great  difference  in  the  formation  of  blow-holes  in  steel.  You  get 
one  condition  in  soft  steel  and  entirely  another  condition  in  rail  carbon, 
or  the  still  higher  grades.  The  figures  that  are  given  in  Mr.  Gathmann's 
paper  I  imagine  are  taken  from  the  higher  carbons,  as  it  is  very  seldom 
that  piping  occurs  in  soft  steel. 

J.  W.  Richards,  South  Bethlehem,  Pa. — This  contribution  is  very 
welcome,  and  I  understand  that  the  process  of  Mr.  Gathmann  is  in  prac- 
tical use  and  has  proven  successful.  I  believe  the  experience  of  steel 
makers  is  that  an  ingot  which  has  a  pipe  is  of  more  solid  structure,  and 
therefore  takes  a  great  deal  more  work  in  the  rolls  and  in  mechanical 
treatment,  than  an  ingot  which  has  some  blow-holes.  The  density  of 
the  piped  steel  is  undoubtedly  increased.    My  opinion  is  that  it  is  un- 
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doubtedly  best  to  try  to  completely  deoxidize  or  kill  the  steel,  aod  ihea 
try  to  overcome  the  secondary  difficulties  which  are  brought  in  by  haviBi 
a  denser  and  more  compact  metal.  If  you  completely  deoxidise  yon 
know  where  you  are  at.  If  you  leave  some  blow-holes  in  yon  may  a: 
times  leave  more  than  you  desire,  at  others  less.  The  blow-4ioles  may 
come  a  little  nearer  to  the  surface  of  the  ingot  than  you  wish,  and  k 
reheating  cause  surface  imperfections.  I  therefore  think  Mr.  Gathmanns 
thesis  is  sound.  But,  in  carrying  it  out  in  practice,  you  have  td  use  soim 
such  device  as  Mr.  Gathmann  has  invented  to  prevent  a  deep  pipe  whid 
perhaps  may  go  down  to  the  center  of  the  ingot.  What  he  has  succeeded 
in  doing  marks,  I  think,  a  distinct  advance  in  the  production  of  soon: 
steel. 


Conversion  Scale  for  Centigrade  and  Fahrenheit  Temperatures 

Discussion  of  the  paper  of  Hugh  P.  Tibmann,  presented  at  the  San  Francisco  meetiBf 
September,  1915,  and  printed  in  BuUetin  No.  102,  June,  1915,  pp.  1247  to  1241 

J.  W.  RicHABDs,  South  Bethlehem,  Pa. — ^I  have  found  in  practice 
that  among  the  many  ways  of  figuring  from  one  scale  to  the  oth»,  the 
following  is  the  easiest  to  do  mentally:  Double  the  Centigrade  Sgort, 
deduct  one-tenth  from  this  (you  then  have  the  Fahrenheit  degrees  ate^ 
32*^),  and  finally  add  32.  Reversely,  start  by  subtracting  32  fr<M  tb« 
Fahrenheit  degrees,  then  take  half,  and  to  this  add  one-ninth  its  vsb^^ 

A  curious  transformation  was  discovered  by  D.  H.  Childs.^  To  the 
Centigrade  degrees  add  40,  take  five-ninths,  subtract  40.  To  the  Fahrai- 
heit  degrees  add  40,  take  nine-fifths,  subtract  40.  The  rule  is  identical 
for  the  two  cases,  except  for  the  inversion  of  the  factor,  and  it  is  an  inter- 
esting bit  of  arithmetic  to  show  that  the  transformation  is  mathematically 
correct. 

Hugh  P.  Tiemann,  Pittsburgh,  Pa.  (communication  to  the  Secre- 
tary*).— This  scale  was  gotten  up  primarily  for  personal  use  and  for  this 
purpose  was  kept  on  my  desk  where  it  would  be  readily  available  for 
one  conversion  or  for  a  number.  For  isolated  conversions  required  at 
considerable  intervals  of  time,  however,  the  ordinary  formulae  worked 
out  by  pencil  and  paper  should  be  practically  as  quick. 

If  my  recollection  is  correct,  there  was  some  correspondence  in  the 
Iron  Age  recently  in  regard  to  so-called  "quick  methods"  for  conversion 
of  temperatures,  but  it  seemed  to  be  the  general  conclusion  that  the 
standard  formula:  F  =  %C  +  32,  etc.,  is  about  as  satisfactory  as  any,  and 


1  MetaUurgical  and  Chemical  Engineering^  vol.  xi,  p.  230  (May,  1913). 
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bat  other  methods  are  nearly,  if  not  quite,  as  long,  and  if  done  mentally 
rould  ofifer  the  same  chance  for  error. 

Concluding  his  remarks,  Professor  Richards  refers  to  "a  curious 
ransformation."  While  I  do  not  pretend  to  be  a  mathematician,  it 
eems  to  me  that  the  explanation  for  the  method  in  question  is  very 
imple: 

It  depends  upon  the  fact  that  the  respective  zeros  of  the  two  scales 
kre  not  at  the  same  temperature,  and  that  the  same  reading  is  secured  only 
it  —40^.  The  method  in  question,  therefore,  consists  in  (a)  correcting 
I  given  reading  so  that  it  will  be  based  on  this  common  point  (adding  40)  ; 
b)  converting  from  one  kind  of  degree  into  the  other  (multiplying  by 
>^  or  %>  respectively) ;  and  (c)  restoring  the  new  reading  to  the  basis  of 
its  respective  zero  (subtracting  40). 


The  Thermal  Insulation  of  High  Temperature  Equipment 

Discussion  of  the  paper  of  P.  A.  Boegk,  presented  at  the  San  Francisco  meeting, 
September,  1915,  and  printed  in  BuUeUn  No.  104,  August,  1015,  pp.  1539  to  1550. 

Lawbence  Addicks,  Douglas,  Ariz. — It  does  not  seem  to  me  that  the 
r61e  played  by  carrying  heat  away  from  one  surface  to  another  has  been 
brought  out.  A  cellular  construction  prevents  the  motion  of  air  cur- 
rents. Also  in  the  installation  on  the  top  of  a  reverberatory  furnace, 
that  Mr.  Krieger  mentions,  where  it  stopped  the  cooling,  there  is  besides 
the  question  of  overheating.  Another  complex  question,  entirely  apart 
from  the  necessity  of  not  carrying  a  brick  above  a  certain  tempera- 
ture, is  that  of  not  allowing  acids  and  bases  to  come  together  at  too  high 
a  temperature. 

J.  W.  Beckman. — What  cements  together  the  individual  cells  in  the 
insulating  material?  Also,  how  does  the  material  behave  in  the  presence 
of  acids  and  alkaUes,  both  strong  and  weak? 

A.  H.  Krieger,  New  York,  N.  Y. — The  material  is  formed  or  com- 
posed of  myriads  of  lace-like  skeleton  remains  of  diatoms  visible  only 
under  a  powerful  microscope.  The  diatom  lives  in  salt  and  fresh  water. 
On  the  Pacific  Coast  there  must  have  been  an  abundant  life  of  the  diatom, 
because  the  beds,  still  in  existence  in  Southern  California,  are  fully  1,000 
ft.  through,  and  are  hard  and  strong,  standing  a  pressure  of  more  than 
400  lb.  per  square  inch.  The  beds  must  have  been  many  ages  in  forming 
and  the  diatoms  have  become  firmly  packed  together.  The  samples 
shown  are  typical  of  the  entire  deposit  as  it  was  formed  at  the  bottom  of 
the  sea.  Once  this  structure  has  been  destroyed,  it  is  impossible  to  re- 
construct it  without  artificial  bonding  materials.    With  the  exception 
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of  hydrofluoric  acid,  acids  do  not  affect  this  material.     Strong  alkalies 
dissolve  it. 

J.  W.  Richards,  South  Bethlehem,  Pa. — This  paper  has  interested 
me  very  much,  and  must  interest  all  those  who  use  furnaces  and  are  con- 
cerned with  saving  heat.  A  general  statement  in  connection  ¥rith  fuel-fed 
furnaces  is  that  from  50  to  90  per  cent,  of  the  heat  generated  passe? 
away  with  the  gases  from  the  furnace,  while  from  10  to  50  per  cent,  of  the 
heat  generated  is  lost  in  conduction  or  radiation  from  the  walls.  There 
is,  then,  the  possibility  of  saving  from  10  to  50  per  cent,  of  the  heat  which 
is  generated  in  the  furnace  by  proper  heat  insulation  of  the  walls.  In 
electric  furnaces,  however,  the  problem  is  still  more  important.  The 
gases  which  are  generated  in  the  electric  furnace  will  carry  out  of  tie 
furnace  only  from  10  to  50  per  cent,  of  the  energy  generated  within  the 
furnace,  and  the  loss  from  radiation  may  amount  to  from  50  to  90  per 
cent,  of  the  total  energy  put  into  the  furnace.  Therefore,  the  stud}*^  and 
proper  utilization  of  these  heat-insulating  materials  concerns  from  50 
to  90  per  cent,  of  the  energy  which  is  used  for  running  electric  furnaces, 
and  is  one  of  the  most  important  items  upon  which  the  furnace  manager 
can  experiment  and  study. 

Henrt  Ereisinger  and  J.  F.  Barkley,  Pittsburgh,  Pa.  (communi- 
cation to  the  Secretary*). — At  the  experiment  station  of  the  Bureau  of 
Mines  in  Pittsburgh,  Pa.,  is  a  special  furnace  in  the  construction  of  wbicb 
were  used  materials  prepared  from  the  Sil-0-Cel  or  infusorial  earth,  as  it  fe 
commonly  called.  The  furnace  is  a  part  of  an  apparatus  designed  ior 
the  study  of  fieat  transmission  in  steam  boilers.  The  furnace  is  equipped 
for  burning  natural  gas,  and  on  some  of  the  tests  a  temperature  of 
2,400°F.  is  maintained.  Fig.  1  shows  the  construction  of  the  furnace 
walls  and  the  materials  used  in  the  construction. 

The  material  marked  firebrick  is  a  high-grade  firebrick  known  by  the 
trade  name  "Benezet"  and  made  by  the  Harbison- Walker  Refractories 
Co. 

The  material  marked  "cork  brick"  and  the  "Nonpareil  block"  are 
the  product  of  the  Armstrong  Cork  Co.  The  cork  bricks  are  made  of 
powdered  infusorial  earth,  clay,  and  ground  cork.  When  the  brick  is 
burned  the  cork  burns  out  and  leaves  a  red  porous  brick  very  much  likt 
ordinary  red  brick  in  appearaDce  but  much  lighter.  The  main  ingredient- 
of  nonpareil  blocks  are  powdered  infusorial  earth  and  asbestos  fiber.  It 
is  not  burned  and  looks  very  much  like  the  ordinary  magnesia  pipe  cover- 
ing. The  part  of  the  bottom  marked  common  brick  is  made  of  commoi: 
red  brick. 

As  shown  in  Fig.  1,  the  walls  are  solid,  without  any  air  spaces,  the 


♦  Received  Sept.  16,  1915. 
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3,tter  having  been  found  undesirable  for  high-temperature  insulation, 
n  order  to  obtain  data  for  the  computation  of  the  quantity  of  heat  dis- 
ipated  from  the  furnace,  also  to  obtain  the  figures  of  the  comparative 
leat-insulating  qualities  of  the  different  materials,  the  temperature  drop 
hrough  the  walls  was  determined.  For  this  purpose  many  thermocouples 
/ere  imbedded  to  various  depths  and  at  various  places  into  the  walls. 
The  locations  of  the  junctions  of  these  couples  are  shown  by  the  small 


,,Hof  Junction  ofCoupks 


Casing 


^lerminals 
of  Couples 


■    ill 
Common  Brick 


.  t- 


Pig.  1. — CoNSTRXTCTiON  OF  Furnace  Walls  and  Matebials  Used. 


ircles  in  Fig.  1.  The  couples  subjected  to  temperatures  up  to  about 
,200°F.  were  of  copper  and  constantan.  For  temperatures  above 
liis  point,  Hoskin  thermocouples  made  of  nickel  and  nickel-chrome 
^ere  used.  All  readings  were  taken  with  a  Leads  Northrup  portable 
otentiometer. 

Fig.  2  shows  the  temperature  fall  through  the  bottom,  through  the  top, 
nd  through  the  side  of  the  furnace.  The  drop  through  the  bottom  is 
liown  for  four  different  furnace  temperatures.  The  drop  through  the  top 
^  shown  for  two  furnace  temperatures,  while  the  drop  through  the  side 

17 
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for  one  furnace  temperature  only.  As  shown  in  Fig.  2  the  temperature 
drop  through  the  cork  brick  and  through  the  nonpareil  blocks  is  severa 
times  as  great  as  the  temperature  drop  through  the  firebrick  or  commor 
red  brick.  This  great  difference  in  the  temperature  drop  indicates  that 
the  cork  brick  and  the  nonpareil  blocks  are  much  better  heat  insulaton: 
than  firebrick  or  red  brick.     By  using  about  4  in.  of  cork  brick  or  nonparei] 
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Fig.  2. — Temperature  Drop  Through  Furnace  Walls. 


blocks  in  the  construction,  a  12-in.  wall  is  made  as  good  a  heat  insulator 
as  a  30-in.  wall  made  entirely  of  brick  or  containing  air  spaces.  Th« 
advantage  of  the  12-in.  wall  constructed  as  shown  in  Fig.  1  is  that  it  ii 
cheaper  and  occupies  less  space  than  a  30-in.  wall  built  of  solid  firebrick. 
Another  advantage  of  the  12-in.  wall,  especially  for  experimental  purposes. 
is  that  its  heat  capacity  is  much  smaller,  and  therefore  equilibrium  con- 
ditions are  reached  in  a  much  shorter  time  than  would  be  the  case  with  the 
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30-in.  firebrick  waU.  This  is  of  great  importance  in  the  investigations 
for  which  this  furnace  is  used  as  it  saves  much  time  in  heating  up  the 
apparatus.  The  disadvantages  of  the  12-in.  wall  for  some  types  of  appar- 
atus might  be  its  smaller  strength. 

The  heat  conductivities  at  various  temperatures  of  the  materials  used 
in  the  construction  of  the  furnace  are  given  in  the  curves  of  Fig.  3.  The 
abscissas  are  temperatures  at  which  the  conductivities  were  obtained: 
the  ordinates  are  the  conductivities.  Attention  is  called  to  the  fact  that 
there  are  two  ordinate  scales  on  the  chart;  the  lower  scale  applies  to  the 
nonpareil  block  and  the  cork  brick;  the  upper  high  scale  applies  to  ik 
firebrick  and  common  brick.  The  curve  for  the  nonpareil  blocks  i 
plotted  on  absolute  values  obtained  at  the  research  laboratory  of  tb 
Westinghouse  Electric  &  Manufacturing  Co.  at  Rttsburgh,  Pa.  Tie 
conductivity  of  the  cork  brick  was  computed  from  the  data  of  Fig.  2 
with  conductivity  of  common  brick  assumed  at  6.4  as  a  basis.  This 
value  of  6.4  was  found  to  be  the  average  of  the  results  of  various  investi- 
gators. The  curve  of  the  cork  brick  is  only  relative  to  the  assumed  value 
of  common  brick;  the  curve  may  be  either  too  high  or  too  low,  depending 
on  whether  the  assumed  conductivity  of  the  common  brick  was  too  hi^ 
or  too  low. 

The  curve  of  the  conductivity  of  the  firebrick  was  obtained  from  the 
data  of  Fig.  2  and  is  also  only  relative  to  the  assumed  conductivity  of 
common  red  brick.  The  conductivity  of  firebrick  computed  from  Fig. 
2  varies  greatly  and  the  curve  shown  in  Fig.  3  is  only  rough  approzimft- 
tion.  There  is  perhaps  no  exact  value  that  will  apply  to  one  particular 
grade  of  firebrick;  each  individual  brick  has  its  own  conductivity,  differing 
perhaps  many  per  cent,  from  other  bricks  of  the  same  grade.  To  show 
the  great  variation  in  the  conductivity  of  different  firebrick  the  two  curves 
of  Clement  and  Egy  are  added  to  Fig.  3.  The  two  curves  were  taken  from 
a  bulletin  of  the  Engineering  Experiment  Station  of  the  University  of 
Illinois.  According  to  the  author's  description,  the  firebrick  test  piece 
with  which  the  lower  curve  was  obtained  was  of  reddish-brown  color  3S^ 
of  medium  coarse  structure.  It  contained  very  small  pieces  of  white 
gravel  throughout  the  mass.  The  higher  curve  was  obtained  with  a  test 
piece  a  little  coarser  in  structure  and  of  brown  color.  It  contained  a  very 
small  amount  of  gravel.  As  indicated  by  the  two  curves,  the  conductivity 
of  one  piece  was  about  twice  as  high  as  that  of  the  other. 

The  highest  temperature  maintained  in  the  furnace  is  far  below  the 
melting  of  the  firebrick  lining  so  that  it  was  not  necessary  to  take  any  pre- 
cautions on  that  account.  In  furnaces  where  much  higher  temperatures 
are  maintained,  good  insulation  may  prove  destructive  to  the  firepoof 
lining.  This  is  particularly  true  if  the  furnace  gases  cany  slag  in  sus- 
pension.   The  slag  settles  on  the  furnace  lining  and  causes  the  firebrick 
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o  melt  at  a  somewhat  lower  temperature  than  it  would  if  no  slag  were 
►resent. 

The  brick  used  for  lining  furnaces  are  usually  mixtures  of  several 
ompounds  and  therefore  have  no  definite  melting  points.  Some  of  the 
ompounds  melt  at  lower  temperatures  than  others,  so  that  the  change 
rom  the  first  signs  of  softening  to  complete  melting  usually  covers  a  wide 
emperature  range.  The  following  are  the  melting  points  of  several 
dnds  of  brick  used  in  furnace  linings.  The  values  are  taken  from  Bulletin 
J^o.  10  of  the  Bureau  of  Standards,  Melting  Points  of  Firebrick,  by  C.  W. 
ECanolt.  The  author  defines  the  melting  points  as  the  lowest  temperature 
xt  which  a  small  piece  of  the  firebrick  could  be  distinctly  seen  to  flow. 

Table  I. — Melting  Points  of  Various  Bricks 


Name  of  Briok 


Melting  Point  **F. 


Low 


High 


Aywage 


Fire  clay. 
Bauxite . . 

Silica 

Chromite. 
Magnesia, 


2,831 
2,849 
3,092 


3,137 
3,245 
3,101 


3,002 
3,080 
3,090 
3,722 
3,929 


Manufacture  and  Tests  of  Silica  Brick  for  the  Byproduct  Coke  Oven 

Discussion  of  the  paper  of  Kenneth  Seayer  presented  at  the  San  Francisco 
meeting,  September,  1915,  and  printed  in  BttUetin  No.  105,  September,  1915,  pp. 
1913  to  1927. 

J.  W.  Richards,  South  Bethlehem,  Pa* — This  paper  concerns  a  very- 
large  industry,  and  an  important  detail  in  that  industry.  Within  sight 
of  where  I  live  in  Bethlehem,  Pa.,  are  coke  works  in  which  $2,500,000 
was  lost  by  the  use  of  improper  bricks  in  the  coke  ovens.  This  was  the 
fundamental  reason  of  the  failure  of  the  plant.  The  old  ovens  have  all 
been  torn  out  and  replaced  by  new  oveAs  built  of  proper  bricks.  This 
may  emphasize  the  commercial  importance  of  this  subject. 

When  speaking  about  coke-oven  brick,  the  first  thing  that  comes  to  my 
mind  is  how  important  it  would  be  if  it  were  possible  to  get  a  brick  of 
better  heat  conductivity.  The  heat  for  coking  coal  has  to  go  through  the 
thickness  of  the  brick.  The  silica  brick  used  has  low  heat  conductivity 
as  compared  with  some  other  refractories;  magnesite  brick  probably  has 
four  times  its  heat  conductivity.  The  coke  oven  needs  bricks  of  high  heat 
conductivity.  Any  process  which  would  increase  the  heat  conductivity 
of  silica  brick  would  xmdoubtedly  shorten  the  coking  process. 
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William  A.  Williams,  San  Francisco,  Cal.  On  p.  1926,  the  test*' 
of  bricks  that  have  been  burned  once,  twice  and  three  times,  and  the  widtL 
of  the  brick  in  inches,  is  given.  From  the  first  bum  to  the  second  thei^. 
seems  to  be  an  expansion,  and  from  the  second  to  the  third  a  remarkable 
contraction. 

Kenneth  Seaver. — ^Part  of  those  tests  were  made  on  what  we  tera. 
9-in.  straights  and  part  were  split  bricks,  and  not  on  the  same  bncL 
It  is  confusing  the  way  it  is  expressed  in  the  paper. 
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INDUSTRIAL  SECTION 


Weston  Portable  Electrodynamometer 

The  Weston  Electrical  Instrument  Co.  of  Newark,  N.  J.,  believes  th: 
problems  hitherto  considered  impossible  of  solution  in  the  desigmD|<: 
portable  electrodynamometers  have  been  solved  in  its  new  models. 

The  voltmeter,  Model  341,  is  an  instrument  of  precision  adapted  :- 


Model  341 

use  on  alterating>  or  direct-current  circuits,  guaranteed  to  an  actmn 
of  0.25  per  cent,  full-scale  value  either  on  direct-  or  altemating-cnmM 
circuits  of  any  frequency  to  133  cycles  per  second  and  commercial  !rc- 
quenciea  even  as  high  as  500  cycles  per  second  with  very  slight  erw 
The  polyphase  electrodynamometer,  Model  329,  is  accurate  to  Oi  pe^ 
cent,  under  the  same  conditions.  Double  ranges  are  furnished  in  H 
instrumentB  of  this  model.  All  current  ranges  can  be  used  for  100  ps 
cent,  overload  indefinitely  without  introducing  error  in  Models  Sli' 
and  329. 


The  movable  systems  have  an  extremely  low  moment  of  inertia  anj 
are  effectively  damped.    Indications  are  independent  of  room  tempa* 

(  2  )  (MantioD  thia  Bollbtik  when  writiiiB  ulTertiMn.] 
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"LEYINER-INQERSOLL" 

WATER    DRILLS 

In  this  drill,  we  are  convinced  that  we  have  established 
a  higher  standard  of  rock  drill  efficiency  than  has  ever 
before  been  attained. 

That  this  is  so  is  evidenced  by  the  many  new  economical 
drifting  and  tunnelling  records  being  established  with  it. 

This  is  directly  due  to  ease  of  handling,  low  power  con- 
sumption, low  up>keep  and  rapid  drilUng  insured  to  it 
by  a  light,  yet  durable,  construction,  a  highly  economi- 
cal air  valve  movement,  the  use  of  superior  materials 
and  workmanship  and  such  distinctive  features  as  the 
Leyner  Water  Device,  Leyner  Simple  Rotating  Sleeve 
Chuck  and  Sergeant  Positive  Rotation. 

This  Drill  Holds  the  Amsrioaa  Tunnelinf 
Bscord  MS  ft.  of  7'S'  z  1<K  Tunnel  Driven 
In  SI  dajrs  in  the  Rogers  Psss  Tunnel, 
Olsder,  B.  C. 

IINGERSOLL-RAIND  COMPANY 


NEW  YORK 


Offices  the  Worid  Over 


LONDON 

33-LI 


COMPLBTB  GRAPHIC  SOLXmON 
FOR 

KUTTER'S 
FORMULA 

FOR  THB  FLOW  OF  WATER 

By  L.  L  HBWBS 

snd 

J.  W,  ROK 

Sheflleld  Sdentific  School 
Tsle  UnlTersity 

B^  the  ttse  of  this  diagram  and  a 
straight-edge,  a  complete  solution  of 
Kutter's  Formula  for  any  given  con- 
ditions can  be  obtained  in  30  sec- 
onds, without  the  tedious  calcula- 
tions otherwise  necessary. 

Printed  on  cloth,  ij[  by  15  inches. 
Suitable  for  office  or  field  use. 

PRICB,  60  CBRTS. 

Sent,  postpaid,  on  receipt  of  price,  by 

The  American  Insitote  of 

Mining  Bngineers 

St  W.  tfth  street,  Rew  York,  R.  7. 


FALSE  RUMORS 

C1ONTRARY  to  current 
J  rumors,  exceptional  de- 
mands for  military  powders 
do  not  effect  our  productions 
of  Blasting  Powder,  Dyna- 
mite and  Sporting  Powder. 

Extensive  plants,  large  stocks 
of  materials,  ample  storage 
and  shipping  facilities  enable 
us  to  accept  and  promptly 
complete  contracts  for  prod- 
ucts of  DU  PONT  standard. 

Specify  DU  PONT  and  be  as- 
sured of  prompt  shipments  of 
explosives  of  known  efficiency. 

L  I.  DU  PONT  DE  NEMOURS  &  CO. 

Powder  Makers  Since  1802 
WILMINGTON,  DEL. 


(Mention  thia  Bullbtin  when  writing  advertisert.] 
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ture,  the  beating  effect  of  curreut  passing  through  the  windiogs;  the 
instruments  are  also  shielded  from  external  magnetic  influences. 

The  voltmeter  (Model  341)  and  ammeter  (Model  370)  scales  art 


Model  370 
5^  in.  long.  Owing  to  the  principle  of  operation  these  instrumenle  cm- 
not  be  made  with  scales  that  are  uniform  throughout  their  entire  lengtb: 
but  the  upper  four-fifths  of  the  scale  is  remarkably  legible  and  umform. 
The  wattmeter  scales  axe  the  same,  but  uniform  throughout  their  eotir; 
length.  Each  scale  is  hand-calibrated  and  is  provided  with  a  miiror 
over  which  the  knife-edge  pointer  travels;  the  pointers  are  equipped  fJlh 
a  simple  zero-setting  device. 

Special  Model  310  wattmeters  can  be  furnished  for  very  low  fwtus 
such  as  core  losses  in  transformers,  giving  full-scale  deflection  for  20  p.: 
cent,  power  factor,  that  is,  the  scale  value  in  watts  is  20  per  cent,  of  tb 
volt-amperes  applied.  Temperature  errors  are  small  and  can  be  correttf'i 
by  reference  to  the  certificate  that  accompanies  all  Weston  instnimenlf- 
Scales  are  uniform  and  the  instruments  have  otherwise  the  same  genni 
characteristics  as  the  regular  model. 

Complete  information  on  these  instruments  is  contained  in  Bulletin.' 
2002,  2003  and  2004  issued  by  the  company. 


Watch  Your  Wires 

The  increasii^  use  of  electric  blasting  and  of  lai^er  charges  emphi- 
sizes  the  importance  of  watching  the  condition  of  all  leading  and  connect- 
ing wires  and  blasting  machines  to  see  that  all  are  kept  in  good  condition 
and  that  connections  are  well  made. 

Avoid  kinking  wires  as  this  leads  to  cracks  and  breaks  not  eaalv 
defected  through  the  insulation.  Don't  drag  wires  over  the  ground  *i 
this  scrapes  off  the  insulation.  Test  the  blasting  machine  with  the  rheo- 
stat at  regular  intervals  to  see  that  it  is  working  up  to  capacity.  Te^t 
all  circuits  with  the  galvanometer  before  attempting  to  blast. 

These  are  simple  time  and  money-saving  precautions. — Du  Pft^ 
Magazine. 

(  4  )  Mention  thii  Suj^lmtiji  when  writlnB  Bdverttaon.] 
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ALBANY  GREASE 

For  the  lubrication  of  blower  fans,  engines, 
pumps,  hoists,  drills,  etc.  It  gives  the  highest 
lubricating  service  at  an  exceptionally  low  cost. 
You  can  experiment  at  our  expense.  Simply  ask 
for  a  quantity  of  Albany  Grease  and  an  Albany 
Cup.    They'Ji  be  sent  without  charge,    wrtu  now. 

ALBANY  LUBRICATING  CO, 
(NEW    YORK 


Did  you  ever  try  to 
wet  a  Duck's  Back? 


proves  tho  liather  greBlIy— moltes  h  rtronger.  mote  lasting  Bnd  «  belter  puller. 

Try  a  Duibalt  on  your  Ceotrifuaal  Pumps,  Jaw  Cnisherj.  Gyratory  Breakers.  Rolls.  ChiH 

Mills.  Conical  Mills.  Tubi  Mills.  Stamp  Mills.  Trommels,  Concentrating  Tables.  Jigs.  Vaani 


ing  Table.,  jigs 
i.  Motors,  Dyn 


A  New  Group  of 


Portable    Electrodynamometer    Instruments    of    Precision 

Model  3W  Sing1c-Phuc«ndDlrtctCurrcntWatlnicttr.WritefOTOtirBulletinNo.S002 
Model  329  Polyphuc  Wattmeter,  Write  tor  Our  BuUetin  No.  2002 
Model  341  A.  C.  and  D,  C  Voltmetu-,  Write  rot  Our  BuUetin  No.  2004 
Model  370  A.  C.  end  D.  C  Ammeter,  Write  for  Our  Bulletin  No.  2003 

Weston  Electrical  Instrument  Co.,  37  Weston  Ave.,  Ncwarit.  N.  j. 

nch  Oficit  in  tht  Larttr  Citits 


/UFKtNm 


\mA  ihc  Celd  liMlsy  il  ther  wen 

^  u  THE  BEST-AKIOLUT 


writini  advertuen.) 
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Du  Pont  Electric  Squibs 

These  consist  of  a  paper  shell  in  one  end  of  which  is  fastened  the  pow- 
der or  igniting  composition  and  the  insulated  copper  or  iron  wires,  the 
other  end  being  open.  The  paper  shells  are  made  in  the  shape  of  a  truB- 
cated  cone,  in  order  that  a  blasting  cap  may  be  inserted  into  the  shell  anc 
be  more  tightly  wedged  in  the  farther  it  is  inserted.  It  is,  therefore,  m\ 
necessary  to  crimp  the  blasting  cap  in  the  shell. 

Without  the  blasting  cap  they  are  used  to  ignite  blasting  powdfi 
electrically,  but  can  be  used  to  detonate  dynamite  by  using  them  with: 
blasting  cap.  By  their  use,  it  is  possible  to  ignite  a  charge  of  blastk 
powder  in  the  center,  the  ideal  position,  which  secures  the  maximuz 
efficiency  of  the  explosion,  impossible  with  either  fuse  or  miner's  squibg. 

Several  charges  can  be  ignited  at  the  same  time  if  desired,  witlis 
considerable  saving  of  explosives.  Then,  too,  the  charges  can  be  ignited 
at  the  time  desired  and  when  every  one  is  in  a  safe  place. 

They  are  made  with  either  insulated  copper  or  iron  wires.  Tbe 
lengths  of  the  copper  wires  range  from  4  to  12  ft.  The  lengths  of  the  irco 
wires  range  from  4  to  8  ft. — Du  Pont  Magazine. 


Trade  Catalogues 


IngersoU-Rand  Co.,  11  Broadway,  New  York,  N.  Y.,  has  issued:!.' 
new  booklets,  Forms  76  and  9201.  The  former  is  an  80-page  catalog* 
on  the  subject  of  air  lifts  in  which  the  air-lift  system  of  pumping  is  ex- 
plained in  detail.  To  those  interested  in  the  pimiping  of  large  quantititi 
of  clean  water,  this  booklet  will  be  found  of  value,  since  the  essentia 
facts  are  well  presented. 

The  second  book  contains  128  (6  by  9-in.)  pages  describing  Calji 
core  drills.  The  principal  function  of  the  core  drill  is  the  determinaticE 
of  the  character,  order,  thickness  and  extent  of  the  materials  beDeatb 
the  earth's  surface,  by  means  of  cylindrical  cores  which  it  extracts,  b 
coal  and  metal  mines,  stone  quarries,  contract  work,  or  for  canal  or  tui- 
nel  developments  projected,  the  core  drill  is  used  and  takes  what  is  other- 
wise an  unknown  quantity  and  converts  it  into  an  absolute  certainty. 
By  determining  the  actual  conditions  in  advance,  it  is  a  mediimi  to  save 
thousands  of  dollars  in  machine  equipment,  imderground  workings,  eic, 
that  might  otherwise  be  expended  only  to  find  a  barren  property.  The 
booklet  is  illustrated,  and  gives  the  size  and  capacities  of  the  diSeren\ 
types  showing  the  apparatus  in  operation  in  various  fields. 

Thermit  Process.— Goldschmidt  Thermit  Co.,  92  West  St.,  N.  V. 
Several  well-illustrated  descriptive  catalogues  and  booklets  on  the  thermit 
process  for  repairing  steel  and  iron  rolls,  pinions,  locomotive  repairs;  ^ 
other  words,  the  application  of  the  Thermit  Welding  process  in  all  kinds 
of  work. 

(  6  )  [Mention  this  Bullbtin  when  writing  advertisers.] 
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BEER,  SONDHEIMER  CS,  CO. 


HEW   TOSK       -       -       -       -       6i    BROADWAY 

Snc  Otm.  CuboDKtea,  SulpUdea  «nd  Mixed  Om,  Copper  0ns, 
Copper  Uatte,  Copper  Bullion,  Lead  Bulfion,  Lead  Oics,  Anti- 
uoay  Orel,  Iran  and  If  angaoeseOrai,  Copper,  Spelter,  Andimniy, 
Anttmonial  Lead,  Sulphate  o(  Copper,  Anenic,  Zinc  DuiL 

Own  Smelting  and  Refining  Works 


CYANIDATION  CONCENTRATION  FLOTATION 

f\  A  n  n  CLASSIFIERS 
I  1 1  I  H  K  THICKENERS 
1/ Villi  AGITATORS 

In  use  by  Institute  Members  all  over  the  World 
The  Dorr  Cyanide  Machinery  Co. 

NEW  YORK  DENVER,  COLORADO  LONDON 


Cordeau- 

Bickford 

Shot 

_Aii... 

Ing  Safety  Fuse 

FOR 

SAFETY  and 
EFFICIENCY 

THE  EINSIflN   BICKFORD  CO 

Original  Manufacturers  of  Safety  . 

,  Slmsbury,  Conn. 

^USe                   EataMUIiMl  1US 

(Mention  thin  Bci-letih  h 
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"Duriron:'— The  Duriron  Castings  Co.,  92  West  St.,  N.  Y.  A  Ifr-page 
illustrated  catalogue  descriptive  of  its  acid-,  alkali- and  rust-proof  metal. 
Data  on  chemical  tests,  physical  characteristics  and  general  information 
are  given. 

Blasting  Powder  and  Accessories. — E.  I.  DuPont  de  Nemours  Powder 
Co.,  Wilmington,  Del.  Two  catalogues,  illustrated,  63  and  126  pp.  re- 
spectively, descriptive  of  blasting  powder,  its  manufacture,  and  instruc- 
tions for  its  use.  Many  "don'ts"  should  prove  of  value  to  even  the 
experienced  "blaster."  The  second  catalogue  covers  blasting  machines, 
electric  fuse,  and  squibs,  leading  wire,  thawing  kettles,  cape,  and  other 
equipment  for  use  in  blasting. 

Instruments  of  Precision. — ^W.  &  L.  E.  Gurley,  Troy,  N.  Y.  Com- 
plete catalogues  and  bulletins  descriptive  of  civil  engineering  instruments, 
^uch  as  Light  Mountain  Transits,  Explorers'  Levels,  and  Transits,  Y 
Levels,  Beaman  Stadia  Arcs,  Pocket  Compass,  Miner's  or  Dip  Compas?, 
Cox  Stadia  Computer,  Current  Meters,  Automatic  Water  Stage  Reps- 
ters,  Leveling  Rods,  Sketching  Cases  for  Civil  and  Military  Engineers  and 
Surveyors.  Also  a  booklet  on  "How  to  Use  and  Adjust  the  Architects' 
Level,  Drainage  Level  and  Builders'  Transit."  All  well  written  anii 
illustrated. 

''Wire  Rope^'  and  "Aerial  Wire  Rope  Tramways,^*  are  the  titles  of 
two  booklets,  26  and  94  pp.  respectively,  published  by  A.  Leschen  &  S& 
Rope  Co.,  St.  Louis,  Mo.,  which  illustrate  and  describe  wire  rope  «^- 
struction,  grades  of  wire  rope,  and  give  information  on  its  use  and  cm, 
and  other  data  of  interest  to  users  of  wire  rope  for  ordinary  purposes  and 
tramways. 

Conveyor  Belts,  Chains,  Sprocket,  and  Elevators,  Ore,  Coal  and  Coh 

'  Crushers,  Feeders  and  Elevators,  and  Repair  Parts. — The  Robins  Conveying 

Belt  Co.,  15  Park  Row,  New  York.    Bulletins  Nos.  47, 48,  49,  51  and  52 

illustrate  and  describe  the  products  and  method  of  this  company.    They 

contain  interesting  data  for  those  having  conveying  problems. 

Mining  Equipment.-^ChsXmi&r^  &  Williams,  Inc.,  Chicago  Heights, 
111.  Several  sections  of  Catalogtie  and  descriptive  literature  on  complete 
equipment  for  concentrating,  cyaniding,  rock  crushing,  and  cement 
plants,  amalgamating,  ore  reduction,  rock  crushing,  tube  and  ball  milk, 
etc.     All  well  written  and  profusely  illustrated. 

Metallurgical  Clay  Goods. — The  Denver  Fire  Clay  Co.,  Denver,  Colo. 
Bulletin  No.  100  (18  pp.)  illustrates  and  describes  muffles,  crucibles  and 
scorifiers  manufactured  by  this  company.  Valuable  information  is  given 
on  the  care  and  uses  of  crucibles.  Another  bulletin  describes  and  illus- 
trates the  Case  low-pressure  oil  forge  for  heating  drill  steel. 

Switchboard  Panels  for  Railway  Service. — General  Electric  Co., 
Schenectady,  N.  Y.  Bulletin  No.  47010  for  August  describes  and  illus- 
trates 600-  to  1,500- volt  direct-current  switchboard  panels,  90  or  99  in. 
high.  Data  on  general  application,  operation  and  construction,  as  well 
as  capacities,  etc.,  are  given. 

(  S  )  [Mention  this  Bulletin  when  writing  advertisere.] 
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QYRATORY  CRUSHERS 

Built  in  iUm  to  BMat  •' 


Shaft  snspcnded  with  Remorable  counter- 
all  steel  soEpenoioii  shaft  bearing,  allow- 
parts  at  the  point  of  1,,^  ^,  adjuBtment  to 
least  motion. 


Cast  steel  bevel  geai 
and  pinion. 


compensate    for    the 
weai  in  gears. 
Large  eccentric  bear- 


Bevel  gear  ke;ed  to 

the  eccentric.  '"Ws  so  designed  as  to 

Crusher  can    be    op-  B«t  f""^  ^^"^  ^^  ^^^ 

erated  either  way.  out  of  same. 


BuUdari  ot  Ojrktgrj  and  Jaw  Cruihsn,  Crulhlnc  Bolll,  SmalttDf  Tur- 
nwai.  Tub*  UlUi  and  all  aqolpmant  uiad  In  mllllnc  and  traatluf  M  orra. 

Sni  /or  catahlti  giping  JM  drscriptio*. 

TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

MAIN  OFFICE  «  WORKS— ALLENTOWN.  PA.      wiJiS'offl»f  i 


Sullivan-Corliss  Tandem  Compounds 

are  ike  most  economical  air  compressors  you 
can  select,  when  steam  is  the  motive  power. 

They  cost  the  same  for  fuel  as  any  equivalent  cross-compound  com- 
pressor. They  cost  less  to  buy,  less  for  freight,  less  for  foundations 
and  house  room,  and  less  for  maintenance. 

Compared  with  Meyer  Valve  or  plain  slide  valve  compressors,  they 
use  only  a  third  to  a  half  as  much  steam. 

Sullivan-Corliss  Tandem  Compounds  are  built  in  unit  sizes,  from  looo 
to  3100  cu,  ft.,  and  are  carried  in  stock  at  Chicago. 

Bulletin  858-Z) 


Sullivan  Machinery 
Company 
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Mond  Metal. — Supplee-Biddle  Hardware  Co.,  Philadelphia^  Pa. 
Bulletin  No.  7  describes  an  unusually  large  valve  for  superheated  steam 
service,  in  which  are  used  cast  Monel  metal  seat  rings.  The  bonnet  has 
a  ''pack- when-open"  bushing  of  the  same  metal.  Other  data  on  Mond 
metal  are  given. 

Reels  for  Band  Chains  and  Metal  Tapes. — ;Keuffel  &  TSeser  Co^ 
Hoboken,  N.  J.  Circular  describes  two  new  reels  for  band  chains  and 
flat-wire  tapes.    Illustrated. 

Lettering  Templets. — Keuflfel  &  Esser  Co.,  Hoboken,  N.  J.  Circular, 
illustrated.    Describes  templet  for  lettering. 

Engineers  Transits. — ^W.  and  L.  E.  Gurley,  Troy,  N.  Y.  New  8-pap^ 
booklet  describing  the  new  and  improved  Gurley  engineers'  transits— 
with  one-piece  trussed  standard.    Well  written  and  illustrated. 

Safety  Fuse  and  Fuse  Lighters  for  Deep-Well  Blasting. — ^The  Ensigih 
Bickford  Co.,  Simsbury,  Conn.,  has  issued  several  catalogues  and  book- 
lets, illustrating  and  describing,  with  practical  instances,  its  safety  fuse, 
and  lead-spitter  fuse  hghters. 

Fans. — Jeffrey  Mfg.  Co.,  Columbus,  Ohio.  Booklet  entitled  Jeffrer 
Fans  for  Mine  Ventilation.  Illustrates  and  describes  its  line  of  centrifo- 
gal  fans. 


Trade  Note 


The  SuUivan  Machinery  Co.  announces  the  removal  of  its  St.  Louis 
branch  sales  of&ce  from  705  Olive  St.  to  suite  No.  2006  Railway  Exchange 
Building,  where  larger  and  more  desirable  quarters  have  been  prepared. 
This  change  will  enable  the  company  to  give  still  better  attention  to  the 
requirements  of  its  customers  in  the  territory  served  by  the  St.  Louis 
office. 


STENCIL  CUTTER  FOR  SALE 

Stencil  cutter,  used  but  little,  and  good  as  new  will  be  sold 
to  the  highest  bidder..  For  use  in  connection  with  the  Elliott 
Addressing  System.  We  now  use  a  different  system,  and 
have  no  further  use  for  this  machine. 

SEND  IN  YOUR  BID. 

f 

AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 

29  WEST  89TH  STREET  NEW  YORK 

(  10  )  [Mention  this  Bitllbtin  when  writing  advertiaen.] 
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Tht  Slogan  of  M«  Cam«ron~"Charadtr:   Th«  Orandett  THn^' 

"207.  More  Capacrty  Delivered  by 
CAMERON  CENTRIFUGAL" 

I  "It  may  please  you  to  leam 

that  the  CAMERON  CENTRI- 

'  FUGAL  recently  insUUed  in  our 
Lee  shaft  to  take  the  place  of 
another  leading  make,  which  was 
worn  out  in  three  months  (running 
under  the  same  conditions  and 
driven  by  the  same  motor) 
delivers  30%  more  water  than 
the  other  pump  did  when  new. 
This  other  pump  is  now  in  the 
scrap  bin,"  writes  the  Supt.  of  a 
large  Coal  Co.  in  Penna. 

I  Actual  tests  have  proved  that 

'       the  sure  way  to  secure  the  highest 
pump  efficiency  and  economy  is  to  install  the  CAMERON  CENTRIFUGAL. 

Writ*  HOW  for  BulUlin  No.  150. 

A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  BROADWAY,  NEW  YORK  Omcca  the  World  Over 


Vulcan  Hoists 


Naturally,  hoist  parts  will  wear  out,  no  matter  how  good  the 
material  or  careful  the  workmanship. 

Granted  this,  the  longest-lived  hoist  is  that  in  which  best  ma- 
terial and  workmanship  are  combined  with  devices  that  effectively 
compensate  for  wear.  In  VULCAN  HOISTS  this  provision  for 
compensation  for  wear  is  one  of  the  most  important  considerations. 
Wherever  eventual  wear  is  likely  to  affect  alignment,  smooth  run- 
ning or  control,  adjustable  wedge  blocks,  conical  sections,  or 
other  means  are  supplied. 

While  this  is,  of  course, 
a  mere  detail  in  Vulcan 
Hoists,  it  does  give  a 
user  more  hoist  service 
for  his  money,  and  in- 
cidentally typifies  the 
general  excellence  of 
Vulcan  machines  as  a 
whole. 

VULCAN  IRON  WORKS 


(MtDtion  thb  BviUTiH  when  vrlUoa  ulve 


A  DIRECTORY  OF  MINING  AND 


ALBANY  LUBRICATING  CO. 

Adam  Cook's  SonSi  Proprietors 

708-10  WasUnston  Stroot  Now  Toik  CKj 

Manttfacturers  of  Albany  Grease,  Cook's  Lubricant  and 
Albany  Aatomobile  and  Machinery  Oils*  Manvfactnran 
and  refiners  of  lubricants  for  every  condition  and  serr- 
ice.    Write  for  descriptiye  matter* 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


PUMPS 


ALUS-CHALMERS  MANUFACTURING  Ca 

Milwaukee,  Wisconsin* 

MINING  MACHINERT  of  Eveiy  T^pe.  Complete 
Power  and  Electrical  Equipments.  For  all  Canadian 
business  refer  to  Canadian  Allis-Chalmers,  Limited, 
Toronto,  Ont 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York^ 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  bmndlinc 
gritty  water. 


J 


MOTORS 

FOR 

EVERY 

PURPOSE 


CROCKER-WHEELER  CO. 

Ampere,  N.  J. 

Manufacturers   (tf   Electric    Motors,   Generators   and 
Transformers.    Alternating  and  Direct  Current 


ASSAY ERS 

AND 

CHEMISTS 

SUPPLIES 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Colo.  Salt  Lake  City,  Utah* 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIERS,  MuflBes,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cau- 
logue. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


DENVER  ROCK  DRILL  MANUFACTURING  CO. 


Denvor,  Colo.        El  Paao, 
Salt  Lake  City,  Utah. 


Now  York  CKy. 
San  FranclecOi  Cal. 


MANUFACTURERS  OP  WAUGH  DRILLS. 
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METALLURGICAL  EQUIPMENT 


THE  DORR  CYANIDE  MACHINERY  CD. 

New  Tork  DENVER,  COLO.  London 

ICtchinory  in  use  for  Cyaniding.  Wet  graWtj  Concen- 
tration, Flotation,  Loadiing  C^per  ores  and  manj 
tton-metattargical  indnstrial  proceaaes. 


CLASSIFIERS 

THICKENERS 

AGITATORS 


EDISON  STORAGE  BAHERY  CO. 

Orange,  N.  J. 

lianofacturers  of  tiie  EDISON  STORAGE  BATTERY 
for  Ifine  Haulage.    Write  for  deacriptiTe  bulletin. 


EDISON 
STORAGE 
BATTERY 


THE  ENSIGN  NCKFORD  CO. 

Simabiiry,  Conn. 
Mannf actorera  of 

SAFETT  FUSE  CORDEAU-BICKFORD 

For  all  Blaating  Operationa 

Foae  for  apodal  reqidrementa 


CORDEAU- 
BICKFORD 


SAFETY  FUSE 

FOR 
ALL  BLASTING 


BLASTING 

SUPPLIES 


GENERAL  ELECTRIC  CO. 

Sohonootady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.    ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 
MINE 


LOCOMOTIVES 


GOODMAN  MANUFACTURING  CO. 

Chioago,  Itllnola. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron »  Ohio* 

Goodrich  «'Longlife'*  <«  Mazecon"  ft  <<Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
coat  than  any  other  belts  made. 


[Mention  thia  Bullxtin  when  writing  advertiaen.] 
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A  DIRECTORY  OF  MINING  AND 


SURVEYING 

INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


W.  ft  L  L  GURLEY 

Troy,  H .  Y. 

Bnmcli,  Seattle*  Wadu 

Manqfactorers  of  ''Oorley  Quality^'  traiiBits  and  lerala. 
Complete  catalosae  coYorixig  mining  inatrameats  aeni 
upon  reqaeat    Have  one  on  file. 


BRICK 

FIRE  CLAY 
SIUCA 
MAGNESIA 
CHROME 

HARBISON-WALKER  REFRACTORIES  Ca 

Pittsburg^,  Penna. 

Refractories  of  highest  grade  for  Blast  Fomace  and  the 
Open  Hearth.  Electrical  Fnmaces,  Copper  Smelting 
plants.  Lead  Refineries.  Nickel  Smelters,  SilYer  Slimes 
and  Dross  Fomaces,  Alloy  Furnaces,  as  well  as  all 
otlier  types  in  use  intlieYarious  metallurgical  processes. 

INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


HELLER  ft  BRIGHTLY 

Philadelphia,  Pa. 

INSTRUMENT  MAKERS 

Mathemattcaly  Optical,  Engineering,  Sunreying  and 
Astronomical  Instruments. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

Peru,  III. 

Manulactnrert  of   SPELTER,    SHEET   ZINC 
SULPHURIC   ACID. 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Naw  York. 

''Retum-Air'*  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
•'Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
•«Calyz*'  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

MINING 

MACHINERY 


THE  JEFFREY  MFG.  CO. 

Columbiie,  Ohio. 
Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Pans,  Hoists, 
Pumps,  etc. 
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METALLURGICAL  EQUIPMENT 


LEAD  LINED  IRON  PIPE  CO. 

Wak«fl*M,  M«ss. 
LBAD  LINED  IRON  PIPE,  LEAD  LIMED  IRON 

t 

VALVES — ^for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


A.  LESCHEN  ft  SONS  ROPE  COMPANY 

St  Louis,  U.  a  A. 

New  Toik        CUcsto        Salt  Lake        Denver        San  Fraadsco 

Mamifactiiren  of  hic^  grade  Wire  Rope  for  all  pur- 
poeesy  induding  the  celelvated  HBRCUL£S  Red  Strand 
Wire  Rope,  and  Wire  Ropea  of  Patent  Flattened  Strand 
and  Locked  Coil  eonstmctiona.  Aerial  IK^e  Rope  Tram- 
ways for  economical  transportation  of  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


THE  LUFKIN  RULE  CO. 

Saginaw,  Midu 

MEASURING 

Tapes  for  absolute  accuracy  in  measoremeats.    Send 

TAPES 

for  descriptiTe  catalogue. 

MASHEK  ENGINEERING  CO. 

90  West  St.,  N«w  York. 

Complete  plant  equipments  4,  8,  x6  and  35  tons  of  s  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.  Com- 
plete plants  designed  and  erected. 


BRIQUETTING 


MACHINERY 


ROBINS  CONVEYING  BELT  COMPANY 


New  York 

Chicago  Oflce 


X3-ax  Park  Row 

Old  Colony  B*ld*s. 

Manufacturers  of 
Belt  Conveyors—Bucket  Elevators— Ore  Bedding  Sys- 
tems—Unloading, Stocking  and  Reclaiming  Towers  and 
Bridges— Conveyor  Auxiliaries. 

Write  for  Bulletins 


ROBINS 
CONVEYING 
MACHINERY 


JOHN  A.  ROEBLING'S  SONS  CO. 

Trenton,  N.J, 

V\riRB  ROPE  for  mining  work.    Stock  shipments  from 
agencies  and  branches  throughout  the  country. 


[Mentioii  this  Bullbtin  when  writing  advertieen.] 
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POSITIVE 

PRC88URC 

BLOWCR8 

VACUUM  AND 
ROTARY  PUMP8 

GAS 

CXHAU8TCR8 


P.  H.  &  F.  M.  ROOTS  CO. 

Conn«rsvlil«,  Ind. 
Manufacturers  of  the  Roots  Positive  Pressure  Blowers 
for  Smelting,   Foundry  and   Filtration  Work.    Write 
for  Catalogue. 


WATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

S9  Ferry  Street,  New  York 

Manufacturers  of  SCHCBRBITS  DUXBAK  WATER- 
PROOF LBATHBR  BELTING.  The  belting  Lt  wmtir- 
proof  and  chemical  proof,  perfect  in  material  and 
workmanahip. 


ROCK  DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chicago,  HL 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Fans. 


■^ 


BRIDGES 

AND 
DERRICKS 


THE  TERRY  ft  TENCH  CO.  Inc. 

Grand  Central  TarmiaaL 
NEW  YORK  CITT. 

Bridge  Builders,  Contractors  and  Derrick  Builders. 


MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  ft  MANUFACTURING  Ca 

Main  Ofllee  and  Works— AUentown,  Fa. 

New  York  Oflloo,  Western  OAea, 

so  Ohuroh  Street  Bait  Lake  Oitj 


Manufacturers  of  MINING,  MILUNO,  SMBLTINO 
and  CRUSHING  Machinery.  TRATLOR  Products  pos- 
sess Quality.    Our  Expert  Engineers  are  at  your  ssrrice. 


DERRICK 
EXCAVATORS 


UNION  IRON  WORKS 

Newark  Street,  Hobokeo,  N.  J. 

Derrick  attachment  for  excayating.  Does  same  work  u 
steam  shovel  or  dipper  dredge  at  fraction  of  the  oost 
Ask  us  about  it. 
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L  YOGELSTEIN  ft  CO. 

48  Broadway  New  York 

Buyers,  smelters  and  refiners  of  ores  and  metals  of  all 

classes. 


VULCAN  IRON  WORKS 

Wilkes- Barre,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


AIILMMinVES 
NttKER  BAdlNBnr 
OMlWASHINf  PUNTS 


6ASIUNI  UaSfTIVB 
WSTINi  AM  IMIUM  BA- 

CIINEIY 
STEASLMMITIVB 
VBmUTWf  MB 


WESTINGHDUSE  ELECTRIC  ft  MF&  CD. 

East  Pittsburgh,  Pa. 

THE  BALDWIN-WESTINGHOUSE  ELECTRIC  MINE 
LOCOMOTIVES.  For  full  information  write  either  to 
above  address  or  THE  BALDWIN  LOCOMOTIVE 
WORKS,  PhiUdelphia,  Pa. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMSTERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


ADVANTAGES  TO  MEMBERS  OF  OUR  ADVERTISING  SECTION 

It  is  our  intention  to  make  the  advertising  section  of  the  BtdUHn  as  comprehensible  as  pos- 
sible, ao  that  members  can  turn  to  it  for  complete  information  as  to  where  to  buy  the  best  mining 
and  metallurgioal  supplies  at  the  lowest  prices.  No  firms  or  supplies  of  dubious  reputation 
are  advertised  in  the  BiMetin.  If  members,  in  buying  any  material,  will  refer  to  the  advertise- 
ment of  that  material  in  the  BuUetint  or  if  they  do  not  find  it  advertised  in  the  BiUUtin^  will, 
when  ordering,  ask  the  manufacturers  why  the  goods  were  not  advertised  in  the  Institute 
publication,  it  will  be  of  material  benefit  to  all  of  us,  because  the  chief  reason  why  advertisers 
are  unable  to  trace  direct  results  b  because  purchasers  do  not  mention  the  S^UUtin  when  writing. 
Finally,  if  members,  when  in  need  of  anything  whatsoever,  will  write  to  the  Institute  head- 
quarters, an  efFort  will  be  made  to  send  them  a  complete  list  of  manufacturers  able  to  supply 
the  desired  materials  of  good  quality.  The  furnishing  of  these  lists  will  be  a  benefit  to  our 
Advertising  Department,  as  well  as  to  the  members.  We  need  scarcely  call  attention  to  the 
advantages  obtained  by  the  members  from  the  money  which  advertising  brings  in,  because  all 
this  money  is  returned  directly  to  the  members  in  one  form  or  another. 


[Mention  this  Bulutrn  when  writing  advertisers.] 
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BULLETIN,  A.  I.  M.  E.— ADVERTISING  SECTION 


PROFESSIONAL  CARDS 

ALOUDGE,  WALTER  H. 

MetaUurcical  SaciiiMr 
14  WaU  Street                  nW  TOUC 

HAMMOND,  JOHN  HAYS, 

ConsuKing  Enghntr, 
7Z  Broadway,              NEW  YORK. 
Code:  Bedfard-MeNM, 

BEATTYt  A.  CHESTER 

ComaKing  Mining  Englnttr, 
71  BnMdwmy, 

NEW  YORK,  N.  Y. 

Ca>IeAddi«i: 

Granitic. 

HANKS,  ABBOT  A. 

CbSHltt  and  Assayor 

EstabUslied  1866 

Control  mnd  Umpire  Assays,  Sapenrl- 
■ion  of  Sampling  mt  Smelters,  Chemlcsi 
Analyses   of  Ores,   Minerals,    Minenl 
Waters,  etc. 

130  baaneau  St.    San  Franelsco,  Cat. 

BURCH,  H.  KENYON 

MechaBlcal  ni  Metallirgical  Eiflattr 
Care  Iniplntioii  Consolidated  Copper  Co. 

MIAJIll,  GIU  COUNTY.  ARIZONA 

Designer  and  Boflder  of 
Power,  Hoistinc.  Pumpfaic» 

Specialties  Goaoentration  of  Orea. 

HOYLE,  CHARLES 

Mining  Engineer, 

Apaitado  8,  £1  Oro, 

ESTADO  DE  MEXICO,  MEXICO. 

CHANNING,  J.  PARKE 

Contultlng  EnglnMr, 
6i  Broadway,              NEW  YORK. 

LEDOUX  &  COMPANY 

Assayers  and   Samplers 
90  John  Street              NEW  YORK 

Independent  Ore  and  Metal  Sampkn. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

COULDREY.  PAUL  S. 

Mining  Eni^eer 

General  Mining  Superintendent 
CnsBO  nn  Pasoo  Mzmino  Co. 

CERRO  dn  PASCO,  PERU 
SOUTH  AMERICA 

MYERS,  DESAIX  B. 

Mining  Engineer 

821  Stoiy  BoOding         LOS  ANGELES 

PATFS 

FOR  PROFESSIONAL   CARDS 
QUOllSD    ON    APPLICATION. 

MAKE  ARRANOBMSNTS 
NOW  FOR  TOUR  CARD. 
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PROFESSIONAL   CARDS 

RAYMOND,  ROSSITER  W. 

MinlRg  Engineer  and  Metallnrgitt 

29  Wist  Thirty-Ninth  Street 

NEW  YORK 

REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRID6E,  COLORADO 
(Ub:  ••Dredger" 
M:  Bedfird-lloNeil 

MCMAMtt.  ROBERTH. 

MiMiiiliiintii  Tnirtfnti  nf  Ttt1mi*'**tr 
BOSTON,  MASS. 

SPIL8BURY,  E.  6YBB0N, 

Oonivltliig,  OlTll,  MlnSsf 
•nA  MttUlliiTgloal  Bnflaeer, 

45  Braiidw«7,              NEW  YORK. 

RIORDAN,  D.  M. 

CofMttfttna  Bngin»$r 
Mlnins  InTastigfttioui  etpeoially  oarcfully 

aty  livcstlif  BM|.,  1€S  Bmtfway,  New  Yt rk 

•IT  WILL   PAY   YOU   TO 
HAVB  YOUR  NAMS  LISTED 
AMONG    PROFESSIONAL 
MEN    OF  STANDING** 

YOUD,  HERBERT 

Mining  rniineof 

Giiarda,  Portugal 

Code:  Bedford-McNeUl 

L.  VOGELSTEIN  C& 

42  Broadway  

BUYERS,  SMKLTBRS 
AND   RBFraBRS   OF 


CO. 

NEW  YORK 


Ores  and   Metals  of  All  Classes 

AganlB  for: 

Aron  Hinch  h  Solia*  Halb«ntadt»  0«nnaiiy. 

nait«d  StatM  Mttalt  ReflniBf  Colt  ChroiiM*  K.  J.  and  Qnm^W^  Isd. 

AflMfteaa  Zlae,  Lmd  lb  SmtMiic  Co.,  Caaty  and  DMiing*  ftinMi, 

Kaans  Zinc  Co.,  Lo  Harpo»  ymMfc 

Tho  Bloetroljlio  Roialai  h  Smoitiiif  Co.  of  Avotralio,  Ltd.,  Port  KoaMot  N,  8.  W« 


(Mention  this  Bulletin  when  writing  odvertieen.) 
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ALPHABETICAL  LIST  OF  ADVERTISERS 


fka 

Albany  Lubricating  Co 5 

Allis-Chalmers  Manufacturing  Co U 

Beer,  Sondheimer  &  Co ' 

A.  S.  Cameron  Steam  Pump  Works 11 

Crocker-Wheeler  Co 12 

Denver  Fire  Clay  Co 12 

Denver  Rock  Drill  Co 12 

Dorr  Cyanide  Machinery  Co 7 

Du  Pont  Powder  Co 3 

Ensign  Bickford  Co 7 

General  Electric  Co Outside  Back  Cow 

Goodman  Manufacturing  Co ^ 

B.  F.  Goodrich  Co Inside  Front  Cots 

W.  &  L.  E.  Gurley 1 

Harbison-Walker  Refractories  Co H 

Heller  &  Brightly 1 

Illinois  Zinc  Co H 

Ingersoll-Rand  Co S 

Jeffrey  Manufacturing  Co Inside  Back  Cover 

Lead  lined  Iron  Pipe  Co. 15 

A.  Leschen  &  Sons  Rope  Co 1^ 

Lufkin  Rule  Co 5 

Mashek  Engineering  Co ^^ 

Robins  Conveying  Belt  Co 1^ 

John  A.  Roebling's  Sons  Co Inside  Back  Cover 

P.  H.  &  F.  M.  Roots  Co W 

Chas.  A.  Schieren ^ 

Sullivan  Machinery  Co ^ 

Terry  &  Tench  Co 1^ 

Traylor  Engineering  &  Manufacturing  Co ^ 

Union  Iron  Works ^ 

L.  Vogelstein  &  Co '^ 

Vulcan  Iron  Works •  1^ 

Westinghouse  Electric  &  Mfg.  Co "  .  .  1" 

Weston  Electrical  Instrument  Co ^ 

(  20  )  [Mention  thJa  Bullbun  when  writing  advertiaen.) 


AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  West  39tli  Street,  New  York,  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr. 


(Name  In  Full) 


Occupation. 


Address. 


IS  hereby  proposed  hy  the  undersigned,  as  a. 


of  the  American  Institute  of  Minirog  Engineers. 


signatures  of  three 

Members  or 

Associates. 


Place  ofhirbh. 


Year  of  birth. 


KcLvbcation,  general  and*  techTiical,  when,  where  and  liow  acquired, 

with  degrees,  if  any. 


£>(Ues 

(21) 


Itecord  of  experience.  Briefly,  the  past  and  present  employment, 
with  names  of  employers,  companies  and  associates.  (Proper  numes, 
names  of  companies,  etc,,  should  he  written  without  a^breviatiansj 


Dates 

« 

■ 

Present  position. 


Sign4xtu,re, 


Dated. 


.191 


EXTRACTS  PROM  THE  CONSTITUTION. 

ARTICLE  II.— Members. 

8bc.  1.  The  memberahip  of  the  Institute  shall  comprise  four  classes,  namely:  1.  Members;  2.  Haa> 
entry  Members ;  8.  Associates ;  4.  Junior  Members.  *  *  * 

Sec.  2.  The  following  classes  of  persons  shall  be  eligible  ibr  membership  in  the  Institute,  namely :  ss 
Members,  all  professional  mining  engineers,  geologists,  metallurgists,  or  chemists,  and  all  peaoos 
actively  engaged  In  mining  and  metallurgical  engineering,  geology,  or  chemistry ;  as  Asaoeiates,  all 
persons  desirous  of  being  connected  with  the  Institute  who  In  the  opinion  of  the  Board  of  Dfreclon 
are  suitable.  » 

As  Junior  Members,  all  students  In  good  standing  In  engineering  schools  who  haye  not  taken  their 
degrees  and  who  are  nominated  by  at  least  two  of  their  Instructors.  *  *  * 

Kvery  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  must  be  proposed  for  election 
by  at  least  three  Members  or  Associates,  must  be  approyed  by  the  Committee  on  Membership,  as  pre- 
scribed in  the  By-Laws,  and  must  be  elected  by  the  Board  of  Directois. 
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This  JEFFREY  Locomotive  Replaced  Three 
or  Four  Mules  and  the  Same  Number  of  Men 

It  hanUles  the  entire  output  of  15  trips  daily,  each  trip  consisting  of  8  cats,  while 
the  length  of  haulage  is  1000  feet.  Only  one  man  necessary  to  operate  the  loco- 
motive and  handle  the  cars. 

Writs  [or  Bnllatid  No.  loj-i  (ulLy  dtAcribing  thi*  instaUa- 
cion.    Send  alio  for  CompletrLccomocivi  Bulletin  Ho.  117-1- 

JEFFREY  MFG.  CO.,  902  N.  Fourth  St,  Columbus,  O. 


IN  REGARD  TO 

WIRE  ROPE 

Most  engineers  are  aware  that 
service  clearly  reveals  the  qual- 
ity of  material  and  precision  with 
which  such  rope  is  laid  up. 

ROEBLING 


:s. 

Roebling  Rope  Gives  Highesi  Service. 
WRITE  FOR  PRICES 

JOHN  A.  ROEBLING'S  SONS  CO. 

TRENTON,  N.  J. 

IMention  tiiii  Bcllbiih  when  wriUna  sdvertiacn.] 


A  DIRECTORY  OF  MINING  AND 


SURVEYING 

INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


W.  &  L  L  GURLEY 

Troy,  H.  Y. 
Brandi,  Seatfl6»  WMh. 

Maniifactiirers  of  ''Qurley  Qiuditj"  transits  and  IotoIs. 
Complete  catalogue  coToring  mining  instruments  sent 
upon  request    Have  one  on  file. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


INSTRUMENTS 

FOR 

MINING 

ENGINEERS 


HARBISON-WALKER  REFRACTORIES  Ca 

Pittsburgh,  Penna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  the 
Open  Hearth,  Electrical  Furnaces,  Copper  Smelting 
plants.  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  AXiof^  Furnaces,  as  well  as  all 
other  types  In  use  in  the  various  metallurgjcsl  processes. 


HELLER  &  BRIGHTLY 

Philadelphia,  Pa. 

INSTRUMSNT  MAKERS 

Mathematical,  Optical,  Engineering,  Surveying  and 
Astronomical  Instruments. 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

P^ru,  IIL 

SULPHURIC 

Manufacturers  of   SPELTER,    SHEET   ZINC    and 

ACID 

SULPHURIC   ACID. 

COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 

**ltetum-Air"  Pumps,  Coal  Shearers,  Pneumatic  Hoists, 
*«Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Tools, 
•'Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

MINING 

MACHINERY 


THE  JEFFREY  MFG.  CO. 

Columbus,  Ohio* 
Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Eleyators,  Conveyors,  Fans,  Hoists, 
Pumps,  etc. 
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[Mention  this  Bullbtin  when  writing  adTertisen.j 


METALLURGICAL  EQUIPMENT 


LEAD  LINED  IRON  PIPE  CO. 

W«k«fl«lcl,  M«M. 
LBAD  LIMED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — ^for  Acids  and  Corrosiye  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


A.  LESCHEN  &  SONS  ROPE  COMPANY 

St  Lonlty  IT.  Sb  A. 
Naw  Tofk        CUcago        Salt  Lake        Dtaver        8aa  Fraadsco 

Hanvfactiiren  of  higji  grado  Wire  Rope  for  all  pnr- 
poees,  indttding  fhe  celebrated  HBRCULBS  Red  Strand 
Wire  Rope,  and  Wire  Ropes  of  Patent  Flattened  Strand 
and  Locked  Coil  constructions.  Aerial  Wire  Rope  Tram- 
ways for  economical  transportation  of  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


THE  LUFKIN  RULE  CO. 

Saginaw,  Midu 

Ti^es  for  absolute  accuracy  in  measurements, 
for  descriptive  catalogue. 


Send 


MASHEK  ENGINEERING  CO. 

90  West  St.,  New  York. 

Complete  plant  equipments  4,  8,  z6  and  35  tone  of  a  to 
9  oz.  amokeleaa  and  odorlesa  briquettes  per  bour.  Com- 
plete plants  designed  and  erected. 


BRIQUETTING 


ISACHINERY 


ROBINS  CONVEYING  BELT  COMPANY 


New  York 

Chicago  Offlce 


X3-ax  Park  Row 

Old  Colony  Bld'c 

Manufacturers  of 


Belt  Conveyors— Bucket  Blevators — Ore  Bedding  Sys* 
tems— Unloading,  Stocking  and  Reclaiming  Towers  and 
bridges — Conveyor  Auidliaries. 

Write  for  Bulletins 


ROBINS 
CONVEYING 
MACHINERY 


JOHN  A.  ROEBUNG'S  SONS  CO. 

Trenton,  N.J. 

WIRE 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 

ROPE 

agencies  and  branches  throughout  the  country. 

(Mention  this  BuLLvrnf  when  writing  BdvertiaerB.) 
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A  DIRECTORY  OF  MINING  AND 


POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

QAS 
EXHAUSTERS 


P.  H.  A  F.  M.  ROOTS  CO. 

Connorsvllle,  Ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Bloi 
for  Smelting,   Foundry  and   PUtration  Work.    Write 
for  Catalogue. 


VITATERPROOF 
LEATHER 
BELTING 


CHARLES  A.  SCHIEREN  COMPANY 

80  Ferry  Street.  Hew  York 

Manufacturers  of  SCHIBRBIPS  DUZBAK  WATS&- 
PROOF  LBATHBR  BBLTING.  The  belting  l/t  mtmr* 
proof  and  chemical  proof»  perfect  in  material  and 
workmanship. 


ROCK  DRILLS 

SULLIVAN  MACHINERY  CO. 

AIR 

122  South  Michigan  Ave.,  Chicago,  IIL 

COMPRESSORS 

Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 

HOISTS 

Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 

PUMPS 

Cutter,  Bar  Machines,  Fans. 

BRIDGES 

AND 
DERRICKS 

THE  TERRY  &  TENCH  CO.  Inc. 

Grmod  Central  Tersilii«L 
NBW  YORK  CITY. 

Bridge  Builders,  Contractors  and  Derrick  Builders. 

MINING 

MILLING 

SMELTING 

CRUSHING 

MACHINERY 


TRAYLOR  ENGINEERING  &  MANUFACTURING  CO. 

Main  Ofllee  and  Works— AUcntowa.  Pa. 

Hew  York  Ofllee,  Western  Ofllee« 

so  Ohuroh  Street  Salt  Lake  Oity 

Manufacturers  of  MmiNG,  MILLING,  SMSLTDfO 
and  CRUSHING  Machinery.  TRAYLOR  Products  pos- 
sess Quality.    Our  Expert  Engineers  are  at  your  service* 


DERRICK 
EXCAVATORS 


UNION  IRON  WORKS 

Newark  Street,  Hoboken,  N.  J. 

Derrick  attachment  for  excavating.  Does  same  work  as 
steam  shovel  or  dipper  dredge  at  fraction  of  the  cost 
Ask  us  about  it 
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METALLURGICAL  EQUIPMENT 


L  V06ELSTEIN  &  CO. 

42  Broadway  New  Tork 

Bttyersy  smeltert  and  refiners  of  ores  and  metals  of  all 
classes. 


ORES 

AND 

M  ETALS 


VULCAN  IRON  WORKS 

Wilkes- Barre,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


All  ucMwnm 

MEUB  lAONNEIV 

CMi-VASiiw  puns 


OWMIW  SMUIOT 
lASOllNE  ItCOSaTIVB 
NISnM  AMI  MIIUW  lA* 

CIIIOT 
SIBW  UKQiOTnn 

vnnuTiw  FAn 


WESTINGHOUSE  ELECTRIC  I  MFG.  CO. 

East  Pittsburgh,  Pa* 

THE  BALDWm-WESTINGHOnSE  ELECTRIC  MINE 
LOCOMOTIVES.  For  foil  information  write  either  to 
above  address  or  THE  BALDWIN  LOCOMOTIVE 
WORKS,  PhiUdelphia,  Pa. 


ELECTRIC 

MINE 

LOCOMOTIVES 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waveriy  Park,  Newark,  N,J« 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


ADVANTAGES  TO  MEMBERS  OF  OUR  ADVERTISING  SECTION 

It  is  our  intentioii  to  make  the  ftdyertiaiiig  MOtioii  of  the  Buttetin  as  comprehensible  as  po»- 
sible,  so  that  members  can  turn  to  it  for  complete  information  as  to  where  to  buy  the  best  mining 
and  metallurgioal  supplies  at  the  lowest  prices.  No  firms  or  supplies  of  dubious  reputation 
are  advertised  in  the  BxMetin.  If  members,  in  buying  any  material,  will  refer  to  the  advertise- 
ment of  that  material  in  the  Bulletin,  or  if  they  do  not  find  it  advertised  in  the  Bulletin^  will, 
when  ordering,  ask  the  manufacturers  why  the  goods  were  not  advertised  in  the  Institute 
publioationt  it  will  be  of  material  benefit  to  all  of  us,  because  the  chief  reason  why  advertisers 
are  unable  to  trace  direct  results  is  because  purchasers  do  not  mention  the  BtMetin  when  writing. 
Finally,  if  members,  when  in  need  of  ansrthing  whatsoever,  will  write  to  the  Institute  head- 
quarters, an  effort  will  be  made  to  send  them  a  complete  list  of  manufacturers  able  to  supply 
the  desired  materials  of  good  quality.  The  furnishing  of  these  lists  will  be  a  benefit  to  our 
Advertising  Department,  as  well  as  to  the  members.  We  need  scarcely  caU  attention  to  the 
advantages  obtained  by  the  members  from  the  money  which  advertising  brings  in,  because  all 
this  money  is  returned  directly  to  the  members  in  one  form  or  another. 


(Mention  this  BuLLvnif  when  writing  advertisers.] 
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PROFESSIONAL  CARDS 

ALOUDGI^  WALTER  H. 

14  WaU  StTMt                  HIW  TOUC 

HAMMOND,  JOHN  HAYS, 

Consulting  Engkiinr, 
7z  Broadway,              NEW  YORK. 
Code:  Bedfard-MeN^iU. 

BEATTYt  A.  CHESTER 

C«iiMltinfl  Mining  Englnttr, 
71  BnMdwmy, 

NEW  YORK,  N.  Y. 

CtUeAddnw: 

Granitic. 

HANKS,  ABBOT  A. 

CbeHltt  and  Aaaayar 

EftUbUshed  x866 

Control  mod  Umirfre  Assays,  SnperH- 
■ion  of  SampUoc  at  Smelten^  Chemical 
Analyses  of  Ores,   Minerals,   MinermI 
Waters,  etc. 

130  BtoaBcito  St.    San  Fraacltco,  Cal. 

BURCH,  H.  KENYON 

Mechailcal  ni  Netallirgical  Eiflattr 
Care  Iniplntioii  Consolidated  Copper  Co. 

M1A2I1,  QIU  OHIim,  ARIZONA 

Designer  and  Boflder  of 
Power,  HoiitlnCtPampbif, 

Qpeeialtiet  Goaoentratlon  of  Oreo. 

HOYLE,  CHARLES 

Mining  Enginoer, 

Apoitado  8,  El  Oro, 

ESTADO  DE  MEXICO,  MEXICO. 

CHANNING,  J.  PARKE 

COBtultiBg  EnglnMr, 
6i  Broadway,              NEW  YORK. 

LEDOUX  &  COMPANY 

Assayora  and   Samplers 
99  John  Streot              NEW  YORK 

Independent  Ore  and  Metal  Samplcn. 

Representatives  at  all  Refineries  and 
Smelters  on  Atlantic  Seaboard. 

COULDREY,  PAUL  S. 

Mining  Bni^eer 

General  Mining  Superintendent 
CxBBO  nn  Pasco  Miming  Co. 

CERRO  dn  PASCO,  PERU 
SOUTH  AMERICA 

MYERS,  DESAIX  B. 

Mining  Engineer 

821  Stoiy  Bnfldfng         LOS  ANOSLBS 

PATF*? 

MAKE  ARRANOBMSNTS 
NOW  FOR  TOUR  CARD. 

FOR  PROFESSIONAL   CARDS 
QUOTED    ON    APPLICATION. 
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PROFESSIONAL  CARDS 

RAYMOND,  R08SITER  W. 

Mining  Engineer  and  Metallnrgitt 

29  Wkst  Thirty-Ninth  Street 

NEW  YORK 

REVETT,  BEN  STANLEY 

Mining  Engineer 

Alluvial  Mining 

AND  Installations 

BRECKENRID6E,  COLORADO 
(Ub:  ••Dredger" 
M:  Bedliird-MoNeii 

mCHJyiOS.  ROBERT  H. 

Of  Dr§9atm§ 
If  ■■■■filniiofti  TniHfwti  nf  Ttt1mi*'**tr 
BOSTON,  MASS. 

8PILSBURY,  E.  6YBB0N, 

Oonivltliig,  OlTll,  MlnSsf 
nnd  Metellnrglonl  Bnfin— r, 

45  Brandway,              NEW  YORK. 

RIORDAN,  D.  M. 

CofMttfttna  Snginter 
Ifinins  InTostigatioiis  evpeoially  oarcfully 

City  livcstfif  BM|.,  1€S  Bmtfway,  New  YtrL 

•IT  WILL  PAY  YOU   TO 
HAVBYOURNAMSLISTBD 
AMONG    PROFESSIONAL 
MEN    OF  STANDING*' 

YOUD,  HERBERT 

MMng  Eiiflneer 

Giiarda,  Portugal 

Code:  Bedford-McNeiU 

L.  VOGELSTEIN  C&  CO. 


42  Broadway 


BUYERS,  SMKLTBRS 
AND   REFINERS   OF 


NBW  YORK 


Ores  and   Metals  of  All  Classes 

AganlB  for: 

AroB  Hinch  h  Solia*  Halb«ntadt»  OOTaaay. 

Uait«d  StfttM  Mtlaia  RtflniBg  Co^  ChrooM,  K.  J.  and  OcmmIII.  Isd. 

Amcrteaa  Zinc*  L«id  lb  SmcMng  Co.,  Caaey  and  DmiIiic«  Saant. 

KaaMS  Zinc  Co.»  La  Harpa»  yaniafc 

ThaBlaetroijttoRaaalaf  ASmaMiif  Co.of  AvatnUa^Ltd^  Port  KaaMa*  N»  8.  W. 


[Mention  this  Bulurin  when  writing  advertiBen.] 
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ALPHABETICAL  LIST  OF  ADVERTISERS 


Pi 

Albany  Lubricating  Co 5 

Allis-Chalmers  Manufacturing  Co 12 

Beer,  Sondheimer  &  Co 1 

A.  S.  Cameron  Steam  Pump  Works 11 

Crocker-Wheeler  Co 12 

Denver  Fire  Clay  Co 12 

Denver  Rock  Drill  Co 12 

Dorr  Cyanide  Machinery  Co 7 

Du  Pont  Powder  Co 3 

Ensign  Bickford  Co 7 

General  Electric  Co Outside  Back  Cover 

Goodman  Manufacturing  Co 13 

B.  F.  Goodrich  Co Inside  Front  Covw 

W.  &  L.  E.  Gurley I 

Harbison-Walker  Refractories  Co U 

Heller  &  Brightly 1 

Illinois  Zinc  Co 14 

Ingersoll-Rand  Co 3 

Jeffrey  Manufacturing  Co Inside  Back  Cover 

Lead  lined  Iron  Pipe  Co.  . 15 

A.  Leschen  &  Sons  Rope  Co 15 

Lufkin  Rule  Co 5 

Mashek  Engineering  Co 15 

Robins  Conveying  Belt  Co 15 

John  A.  Roebling's  Sons  Co Inside  Back  Cover 

P.  H.  &  F.  M.  Roots  Co 16 

Chas.  A.  Schieren 5 

Sullivan  Machinery  Co 9 

Terry  &  Tench  Co 16 

Traylor  Engineering  &  Manufacturing  Co 9 

Union  Iron  Works 1 

L.  Vogelstein  &  Co 19 

Vulcan  Iron  Works 11 

Westinghouse  Electric  &  Mfg.  Co .'   .    .  17 

Weston  Electrical  Instrument  Co 5 

(  20  )  [Mention  this  Bullbtin  when  writing  adverUaers.) 


